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AIR QUALITY POLICY ANALYSIS 
OF ELECTRIC UTILITIES: 

A REGIONAL PERSPECTIVE 

R. Bright, K. Croke, J. Hoover, K. Hub, D. Schregardus, and P. Walker 

ABSTRACT 

Recently more and more concern is being expressed 
over the energy and environmental dilemma, particularly as 
it relates to air quality goals. This report presents the 
results of a regional assessment of environmental policy 
and technological options for achieving energy and environ­
mental goals in the Midwest. Policy options considered 
include alternative air quality goals -- altered emission 
limits and delay of compliance schedules. Technological 
options analyzed include transport of Western low sulfur 
coal and utilization by Midwestern utilities, adoption of 
supplementary control systems for electric utilities, and 
use of stack gas scrubbers. The study analyzed these op­
tions in light of their economic and environmental effects. 

EXECUTIVE SUNWARY 

Sulfur dioxide control policies for electric utilities have been the 

subject of public debate and analysis since the passage of the Clean Air Act 

amendments requiring the development of State Implementation Plans and achieve­

ment of National Ambient Air Quality Standards. The availabilities of low 

sulfur coal and control technologies, in conjunction with the performance of 

the control technologies, have been issues of national and state concern. In 

recognition of these issues and the impending possibility of energy shortages, 

the Energy Supply and Environmental Coordination Act of 1974 was enacted. 

Among its many provisions, this Act required an assessment of State Implemen­

tation Plans and evaluation of the possibility of fuel savings resulting from 

modifications to these regulations. 

This report analyzes alternative state emission limits and compliance 

deadlines for the Midwest in an economic and environmental context by evalu­

ating alternative control policies in the light of both their air quality 

effects and economic dislocations to the electric utilities. A policy analy­

sis tool was developed for analyzing the least-cost control response by 

electric utilities to alternative air quality policies. The methodology 
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permits analysis of the cost for individual power plants of alternative 

methods of compliance and proceeds forward in time to allocate supplies 

against demand until equilibrium and compliance are achieved. The result 

is a regionwide, year-by-year pattern of demand, cost, and compliance. The 

predicted pattern of compliance over the period of study can be interpreted 

to assess the air quality improvements resulting from alternative policy 

options, as well as the variances required because of limited sî iplies of 

low sulfur fuel and control devices. Patterns of utilization of control 

technologies and low sulfur coal and the unsatisfied demand give a picture 

of the future of both the scrubber industry and of Western coal production 

under various policy assumptions. Costs incurred by the utilities in order 

to comply with various air quality regulations permit a cost-effectiveness 

analysis of potential policies. 

A data base is developed for the time period of 1975 through the 

early 1980s, and policies are analyzed over this time frame. The analysis 

is conducted for five Midwestern states: Ohio, Indiana, Illinois, Wisconsin, 

and Michigan. The low sulfur Western coal analysis includes estimates of the 

production, transportation, and boiler conversion costs. Flue gas desulfuri-

zation analysis includes a procedure for estimating capital, operating, and 

maintenance costs for specific power plants predicated on the existence of a 

fully developed technology. System costs due to parasitic power consunption, 

increased forced outage, and decreased efficiency for flue gas desulfurization 

and low sulfur Western coal are also included. A number of factors are not 

included in the analysis conducted here. Specifically, it is assumed that 

the electric utility can sever a contract for coal without a penalty. Omitted 

from the analysis is a consideration of economic loss and social dislocation 

effects on the Midwestern coal industry, resulting from penetration of Western 

low sulfur coal. Low sulfur Eastern coal is not considered as a potential 

source of supply in this analysis nor is the possibility of other technologies, 

such as coal washing, considered. 

Alternative emission limits for the states were investigated in the 

Midwest. Specifically, the present State Inplementation Plan limitations 

adoption of National Ambient Air Quality Standards limits, and supplementary 

controls were all evaluated. The important conclusion of this analysis j^ 

that both stack gas scrubbers and low sulfur coal are utilized in the Midwest-



however, generally one-third of the utilities chose scrubbers while Western 

coal was chosen by the remaining two-thirds. Scrubber utilization reached a 

maximum over a short time period of perhaps 3-5 years, after which it generally 

remained constant, reflecting the increased availability of low cost Western 

coal. This analysis is based on assuming that an electric utility would 

absorb a maximum cost penalty of 151 in choosing a control option in order 

not to request a variance. (That is, an electric utility is granted a vari­

ance if the least-cost control option is in short supply and the remaining 

control option is at least 151 more costly.) If strict enforcement of stan­

dards is applied and the utility must choose between coal and scrubbers, 

regardless of the cost, stack gas scrubber utilization is enhanced perhaps 

60-100% and con̂ jliance can occur in a relatively short time frame of 4-6 

years. However, a relatively stiff penalty results from this restriction 

as the annual costs borne by the electric utility industry increase 70-1001 

over the other options. 

Delay of the various standards was also considered. Delay generally 

seems to favor the Western-based coal suppliers. As growth of this supply is 

already being stimulated, an increase in Western coal will be available at a 

later point, so that conpliance could be obtained over a relatively short 

time frame once enforcement occurs. If time is allowed to develop such 

supplies, the end result could be that the scrubber industry would not 

develop due to the availability of low sulfur coal. Bearing this in mind, 

any delay policy must be sensitive to its effect on the development and 

utilization of scrubbers. 

Moreover, the analysis indicated the sensitivity of the ultimate 

utilization of coal and scrubbers to the relative prices of these two control 

options. Specifically, a 151 relative change in the price of scrubbers and 

low sulfur coal could result in significantly increased utilization of 

scrubbers. Moreover, a 351 increase in the relative cost of low sulfur coal 

would reduce by over half its use in the Midwestern utility market. It should 

be noted that the capital charges account for 50-55% of annual conpliance costs 

if a power plant uses scrubbers. On the other hand, the capital costs asso­

ciated with low sulfur coal are rather small. Thus, selection of scrubbers 

is rather sensitive to the costs of the capital for electric utilities. 

Various subsidy policies such as changes in utility rate-recovery formulas 

could have a beneficial effect on scrubber utilization. 
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In general, the supply of scrubbers is more than adequate to meet 

the demand in the Midwest. Delaying the availability of Western coal to a 

later point in time with enforcement now will stimulate development of the 

scrubber industry, but such delays in Western coal availability ultimately 

slow the rate of compliance. However, early stimulation of increased availa­

bility of Western coal without at the same time stimulating utilization of 

scrubbers could result in increased availability of Western coal and little 

or no utilization of scrubbers. 

Because of the impending clean fuel deficits and the unavailability 

of coal and control technologies, President Ford, in his State of the Union 

Address for 1975, proposed three activities to ameliorate the situation: 

1. Voluntary revision of state emission limits. 

2. Inplementation of supplementary control systems. 

3. Extensions of compliance deadlines to perhaps 1985. 

Furthermore, significant research and development efforts are being expended 

to develop technologies, such as coal washing and gasification, that are 

applicable to solving these energy-environmental problems. 

In light of these considerations and the results obtained in this 

study, a number of recommendations for further analysis are suggested. 

1. The data base should be extended to 1990-1995 to permit 
analyses of delay of standards over a longer time frame, 
specifically to 1985. It should also be extended to a 
national perspective. 

2. Policies for subsidizing the utilization of scrubbers, 
such as modifications in utility rate recovery formulas, 
should also be studied. 

3. The analysis did not consider the availability of 
alternative coal supplies. Coal supply functions 
should be developed for Eastern sources of low sulfur 
coals, and a closer examination should be conducted 
of the cost and supply of coal from existing coal 
producing fields in the East and Midwest. 

4. As coal washing and gasification appear as possible 
alternatives, it is recommended that the methodology 
be extended to include these technologies. 

5. A demographic characterization of populations around 
power plants should be conducted to permit analyses 
of population exposure for alternative control policies. 
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6. The analyses should be extended to include the social 
and economic effect of alternative utilization patterns 
of flue gas desulfurization and low sulfur Western coal 
on the existing coal producing industr\'. 

The attainment of standards that affect energy-related facilities 

has shown itself to be a process requiring the monitoring of the development 

of control technology, economic fluctuations, and air quality trends. If 

the regulatory structure of the federal program with respect to SO2 and par­

ticulate control is to respond to changes in these areas, a method of 

monitoring these factors, specifically with respect to utility operations, 

is necessary. In assessing the results of this study of the interactive 

nature of such effects on the viability of the utility enforcement program, 

it should be remembered that changes in amy of the technology price or con­

trol factors may have pervasive effects throughout the regulatory program. 

In order to assess the in̂ jact of such changes, we would recomnend further 

efforts in contingency planning for alternative future scenarios such as the 

imposition of severe restrictions on the mining of Western coal, the lowering 

of coal and oil prices, and the further development of economically efficient 

control technologies. 
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1.0 INTRODUCTION 

The imposition of limitations on the amount of sulfur dioxide that 

may be emitted from fuel combustion sources has raised a number of serious 

questions regarding the potential economic dislocation in industries affected 

by these plans. One of the most important potential market readjustments 

regards the changes in fuel use patterns and the demand for air pollution 

control equipment by electric utilities in the Midwest. In this region, 

utilities are highly dependent on high sulfur Midwestern coal as a fuel 

source. State Implementation Plans require either a reduction from 4% to 

less than 1% in the sulfur content of coal employed by utilities or the 

installation of some type of abatement equipment. In terms of available 

control strategies, this means that Midwestern electric utilities must be 

conmitted to either the purchase of low sulfur fuel (mainly from Western 

states) or to the installation of sulfur dioxide scrubbing devices by 1975. 

Several studies have indicated that a strict adherence to the 

present schedules and prescriptions of the State Inylementation Plans in the 

Midwest may cause low sulfur fuel shortages and place demands that it cannot 

meet on the sulfur dioxide scrubbing industry. This situation has created 

the need to reexamine the timing and severity of the State Inplementation 

Plans with regard to the electric po\«r utilities and to ascertain the air 

quality and economic implications of changes in these state regulations. 

This study attempts to make such an investigation, specifically 

with regard to the electric utilities in Illinois, Indiana, Michigan, Ohio, 

and Wisconsin. The effect of changes in fuel use and control device installa­

tions over the 1975 to 1982 period under various scenarios that describe 

possible changes in the State Inplementation Plans are examined. The analysis 

required investigation and model development in six subject areas: 

1. Federal Power Commission data on power plant characteristics 
and utility building programs were utilized to project the 
generating requirements of utilities in these states. 

2. Price and availability projections of low sulfur Western 
coal were developed over the period in question. 

3. The state of the art of sulfur control technology, its 
availability, and associated cost were investigated. 
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4. The relationship of air quality to fuel use, power 
plant cliaracteristics, and control technology in 
power plants was analyzed. 

5. A study of the effects of the requirements to use 
low sulfur fuel or sulfur dioxide control technology 
on the cost of utility operations was carried out. 

6. A policy analysis model was developed that is capable 
of evaluating on a plant-by-plant basis the electric 
power utility's choice between the use of low sulfur 
fuel or scrubbers; given the availability and price of 
fuel and control technology, the effects of fuel deci­
sions on utility system costs, and an assumed control 
policy (see Fig. 1.1 and App. I). 

For those readers less interested in the methodological description, 

an analysis of the policy results of the study effort can be found in Sec. 6. 
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2.0 STUDY APPROACH 

The method of policy analysis used in this study is a sinulation of 

least-cost response by electric utilities. The analysis responds to the 

sequence of standards contained within each policy, estimates the cost for 

individual power plants of each possible method of compliance, and then pro­

ceeds forward in time to allocate supplies against demand until equilibrium 

and conpliance are achieved. 

2.1 COSTS AND OTHER FACTORS COJSIDERED 

Within the policy analysis, a cost analysis is performed for each 

plant in each year. The capital and operating costs of both control devices 

and the use of low sulfur coal are estimated. All costs are calculated in 

1974 dollars in three cost models; low sulfur coal (LSC), flue gas desulfuri­

zation (FGD), and system costs. It is important to note the cost factors 

considered in each cost model (see Table 2.1). 

Table 2.1. Cost Factors Considered 

Low Sulfur Western Coal: Production 
Transportation 
Boiler Conversion 
High Sulfur Coal Cost Extrapolated 

Flue Gas Desulfurization: Fully Developed Technology 
Capital 
Operating (material, labor) 
îaintenance 
High Sulfur Coal Cost Extrapolated 

System Costs: Parasitic Power Consunption 
Increased Forced Outage 
Decreased Efficiency 

The low sulfur coal cost analysis considers production costs for 

three sources of Western LSC (see Sec. 3). They are, in order of increasing 

cost, large strip mines, less efficient strip mines, and underground mines. 

The cheapest coal for which supply is still available in each year is chosen. 

Transportation costs are estimated using distance (miles) from the coal fields 

to the power plant. A variable rate formula is used to account for freight 

rate sensitivity to the Jinnual volume of shipments (see Sec. 3). 
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Each power plant purchases only enough low sulfur coal to meet the 

required emission limit. The Western coal is mixed (for use in the same or 

different boilers) with coal of the sidfur content used by the power plant 

in the base year, 1971. A charge is assessed for boiler conversion to enable 

Western coal to be burned. The conversion is proportional to the amount of 

Western coal used. The coal conversion is estimated to cost $10/kw for dry-

bottom design boilers and $35/kw for wet-bottom boilers that require extensive 

rebuilding. These capital charges are annualized over 15 years at 17% per 

annum -- the same basis of capitalization used in scrubber cost analysis. 

A critical assumption of the fuel cost model is that any existing 

fuel contract for a power plant can be ended or reduced without penalty. If 

the policy scenario being simulated imposes such stringent emission limits 

that the acceptable fuel mix is almost entirely Western coal, then this 

assimption is almost certainly not true. The cost of reducing an existing 

coal contract will, of course, vary for each plant dependent upon the length, 

size, and number of existing contracts. The availability of low sulfur 

Eastern coal is not considered in this analysis. 

Omitted from the cost calculation is any consideration of economic 

loss and social dislocation effects on the Midwestern high sulfur coal industry. 

While such costs are no doubt quite important, it can be reasonably assumed 

that they will influence utility response to sulfur regulations only insofar 

as they are borne by the utility. A measure of the costs a utility would 

have to pay for such regional economic loss is the penalty for breaking an 

existing long-term contract. The extent of these regional losses and their 

impact on utility cost calculations should be analyzed in the future as func­

tions of various policy scenarios. 

Control device capital and operating costs are estimated using the 

methods described in Sec. 4. All costs are extrapolated from the 1972 dollar 

estimates to the 1974 dollars used in the analysis. It should be enphasized 

that all the costs, both capital and operating, are for fully developed tech­

nologies. Thus, there is the implicit assumption that developmental and pilot 

plant work has all been accomplished before the policy scenario imposes an 

emission standard. In the absence of any strong incentives, it is open to 

question, whether the technology will be even close to this point by 1977 

the target year of most of the policies analyzed. It would also be erroneous 
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to assume cost reductions due to technology development even by the end of 

the decade, since, barring any spectacular breakthrough, the costs estimated 

in this study presuppose that this developmental process has been accomplished. 

Although the model has the flexibility to calculate costs for 

several types of sulfur dioxide scrubbers, only the lime/Iimestone scrubbing 

method is used due to lack of data on other types. This does not introduce 

serious error into capital costs, but may for some plants be inaccurate for 

the operating cost conponents. An average waste disposal cost of $3.00 per 

ton is used for all plants, htost probably, urban area power plants would 

choose only a scrubbing process that yielded a salable product in order to 

avoid sludge disposal problems. The effect of such a choice, if any, was not 

estimated due to lack of data. 

The model requires each power plant to scrub only that portion of 

its effluent necessary for compliance with the emission standards contained 

within the policy scenario. The capital costs are calculated on a $/kw basis 

as if the entire effluent stream were being passed through the scrubber. 

The actual capital cost is then linearly reduced to that fraction of plant 

capacity that requires a scrubber in order to conply with the specified 

emission limit. This assumption of linearly proportional reduced costs is 

critical, but appears justified because only very slight economies of scale 

are believed to exist for scrubbers. 

Capital costs are distributed over a 15-year period at an annual cost 

of 17%. If the data set contains information on a plant retirement in less 

than 15 years, the annual charge rate is appropriately changed. Since about 

half the total annual cost of FGD is the cost of capital investment, the com­

petitive viability of this option is critically dependent on the several com­

ponents of these capital charges -- interest, taxes, and tax credits. 

Operating costs for FGD are based on the cost and sulfur content 

of the coal used by each plant in the base year, 1971. Parasitic power 

and steam consumption are included in the operating costs, but effects of 

scrubber reliability are treated by the system cost analysis. It is inpor-

tant to keep in mind vdien studying the policy analyses that all FGD costs 

are tentative estimates based on limited, pilot installation data. The 

sensitivity of FGD utilization to cost changes of 10% to 25% in these analy­

ses is marked (see Sec. 6). 
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In addition to the direct costs of coirpliance, there are further 

system operation costs incurred by the utility. System costs arise from the 

need to maintain reliability while conplying with the inposed emission stan­

dards. Reliability is decreased by emission controls both because of increased 

unit forced outage and because of loss of generating capacity. The increase 

in forced outage rate primarily affects FGD costs, but very slight increases 

are associated with LSC due to the additional ash. Loss of generating capacity 

for a unit is due to parasitic energy consunption when running a scrubber or 

a larger precipitator. Also, the need to handle large quantities of lower 

quality Western coal causes a drop in plant efficiency. 

These system ramifications of emission control were investigated by 

means of parametric studies of a synthetic but representative utility system 

(see Sec. 5). For each power plant in the region, the annual load factor is 

used to approximate the unit position in a system loading order. The costs, 

expressed as mills/kw-hr, are assumed to apply to the individual power plants 

examined in the policy analysis. The approximate additional system costs are 

then added to the annual compliance costs for both the LSC and the FGD options. 

Implicit in this transfer of costs from the synthetic system to real power 

plants is the assunption that all utility systems in the region enjoy equal 

reliability and have much the same patterns of demand for energy and of sched­

uled maintenance. This is a reasonable assumption, and any more sensitive 

analysis would require massive amounts of proprietary data. 

It can be hoped that over the next decade FGD reliability will 

inprove significantly or be made independent of plant reliability. Such 

improvements would ijnprove the economic viability of scrubbers, but the loss 

of available generating capacity to operate the scrubber would still cause a 

reliability cost penalty. A Sensitivity Analysis of these cost factors is 

presented in Sec. 6. 

2.2 DESCRIPTION OF THE METHODOLOGY 

The policy analyses are accomplished by a simulation of least-cost 

responses as shown in Fig. 1.1. An inventory is made of power plants in the 

region and their fuel and emission characteristics, and the regional data 

base is projected ahead for ten years. A policy scenario is translated into 

a timed sequence of air quality regulations that are inposed on the power 
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plants in the region. Cost estimates are made of various possible methods of 

compliance, and the lowest of these is chosen subject to sipply limitations. 

The results of this plant-by-plant and year-by-year sinulation are aggregated 

to give a regional picture of conpliance, variances, and demands for clean 

fuel and control devices. 

The data base contains descriptions of each power plant in the base 

year, 1971, and projected additions and retirements. Wherever detailed infor­

mation is available, plant data is recorded by individual generating units, 

or groups of similar units. The data include energy input and output, fuel 

mix, and fuel costs for the base year. Location variables for each plant 

include the state, AQCR, county, urban or rural setting based on SMSA, dis­

tance to Western coal fields, and nearness to Midwestern coal production areas. 

Where data are missing, reasonable approximations based on similar 

plants and on regional and state average characteristics are used. If dis­

aggregate data on generating units within a plant are available, they are 

used to build ip representative characteristics for the plant. Such data 

include age, fuel capability, boiler design, and annual average utilization. 

Information on existing power plants was gathered from three basic 

sources: 

1. Federal Power Commission Forms 67 for 1971. 
4 

2. NCA: 1972 Edition of Steam-Electric Plant Factors. 

3. NERC: Reports by ECAR, MAIN, and MARCA.^'^'^ 

The utilities' projections of new power plants and changes to existing ones 

were used. All three of the above sources contain projections drawn from 

the utilities. Discrepancies over the several sources were resolved using 

the most recent information. Although it can be said that the utilities' 

projections of capacity expansion may well be an overstatement, slippages 

on nuclear unit construction schedules may cause the fossil-fuel capacity 

projections to be reasonably accurate if not understated. No attenpt was 

made in this study to make an independent estimate of energy demand and 

resulting necessary capacity changes. 

For each new plant, the proposed location and fuel use are included, 

if known. If the fuel use was not known, coal is assumed to be the intended 

fuel. Existing plants are assumed to continue with the 1971 fuel mix unchanged 
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through the study period of 1982. The future of many plans for coal to oil 

conversion is uncertain, but it is reasonable to assume that any conversion 

not conplete by the end of 1972 is either delayed or canceled. 

A ranking of power plants can be accomplished, if desired, to arrange 

the power plants in an order of increasing need for conpliance and thus selec­

tion of scarce resources (FGD or LSC). It is also possible to require or 

preclude certain responses for certain classes of plants. This flexibility 

permits both an air quality implementation policy and a selective variance 

policy to be analyzed. Power plants may be grouped according to one or more 

of several descriptions such as size, age, and location. Each group of power 

plants is assigned a priority (i.e., priority allocation). The highest 

priority category is the first to receive scarce supplies. Or, to look at 

it the other way, the highest priority category is the last to receive a 

variance. In the absence of any external specification, the annual SO2 

emission reduction required is the criteria for prioritization. If priority 

categories are specified, then annual emissions rank the power plants within 

the groips. For the analyses reported here, new power plants were given 

highest priority for allocation --or lowest priority for any variance. 

The policy scenario to be investigated is translated into an array 

of emission limits covering various categories of power plants and coming 

into effect in various years. It is this sequence of emission limits that 

drives the response simulation. 

Emission limits may be specified as such, or as an ambient air 

quality level. In the latter case, a worst-case dispersion model is used 

to calculate for each power plant the upper bound on permitted emissions. 

In either case, the allowable emission rate is conpared against the actual 

emissions of a power plant in order to find the reduction required for com­

pliance. This reduction must be accomplished by low sulfur fuel or a control 

device. As mentioned above, this same reduction in emission is an input to 

the allocation priority scheme. 

A cost analysis is then performed for each plant analyzing both low 

sulfur coal and control devices. All costs are calculated in 1974 dollars. 

It is important to note that each plant is required to reduce emissions only 

to the legal limit. This is not an all-or-nothing response; rather, low 
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sulfur fuel and flue gas desulfurization are utilized only to the extent 

necessary to accomplish the emission reduction. 

The least-cost conpliance conparison is made for each plant each 

year. The conparison is between the total annual cost of the two options, 

LSC and FGD. The least-cost response is sought subject to supply limitations. 

If, in any annual period, a plant installs a control device, that control 

device must be retained until the end of the simulation period regardless 

of cost. Tlie use of LSC, however, is subject to cost conparison and sipply 

availability in each year, since the capital carrying charge for this response 

is minimal. Thus the use by a particular plant of LSC in any given year does 

not predetermine the use of LSC in any subsequent years. 

Supply functions are input to the simulation both for control devices 

and for Western coals. The supply function for FGD was derived from the 

SOCTAP report with national availability prorated to the study region on 

the basis of fossil-fuel generating capacity. The supply in each year is 

sensitive to the preceding rate of increase in FGD demand. The availability 

of FGD is projected to increase very rapidly if, and only if, there is con­

tinuing demand by the utility industry. The supply fimctions for Western 

coals grow essentially at the maximimi rate made possible by capital and 

equipment. The annual growth rate of about 25% is considered to be the 

maximum that can be sustained by any industry without inordinate cost in­

creases. The coal supplies are also sensitive to demand, so that if demand 

were ever to slacken, subsequent rates of expansion would be reduced. 

In the face of insufficient supply, the available coal and scrubbers 

must be allocated using the priority rating described above. This priority 

system gives the order for allocation of available supplies (i.e., the inverse 

order for priority in granting variances). In each year, supplies are allo­

cated down the priority list until they are exhausted. Each plant follows 

the least-cost response if supplies permit. If the sipply of the least-cost 

response is exhausted and if the cost difference does not exceed 15%, the next 

higher cost response is chosen. This 15% cost difference approximates the 

cost overrun a utility would accept in order to avoid litigation and penalties 

arising from nonconpliance. 

When supplies are exhausted in any given year, plants lower on the 

allocation priority list are given a variance until the following year. Any 
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power plant that cannot conply because the required emission reduction is too 

severe is so indicated and given a variance. If a particular power plant can 

possibly comply by only one option, that option is not assigned without regard 

to cost. Instead, the 15% cost difference is used to dictate whether the 

plant conplies or is given a variance. No plant is required to use both low 

sulfur coal and a scrubber in order to comply with emission standards. Regard­

less of supply availability, costs for each compliance option are calculated 

in order to determine the excess or unsatisfied demand at least cost. 

This sequence of emission standard, cost estimation, and least-cost 

response, when done for each plant in turn, gives a regionwide year-by-year 

pattern of demands, costs, and conpliance. The pattern of conpliance over the 

ten-year study period can be interpreted to assess the air quality improve­

ments resulting from policy scenarios as well as the variances required by 

limited sipplies of low sulfur fuel and control devices. The patterns of 

utilization and unsatisfied demand at least cost give a picture of the future 

of both the scrubber industry and of Western coal production under various 

policy assumptions. The costs incurred by utilities year by year in order 

to comply with various air quality regulations permit a cost-effectiveness 

analysis of potential policies. 
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3.0 LOW SULFUR WESTERN COAL IN THE MIDWEST 

The prices of low sulfur Western coals selling in the Midwestern 

electric utility market have been estimated for the period 1974 to 1982. 

The price estimates follow from a cost analysis of Western coal production 

and transportation that takes into account possible constraints on the rate 

of Western coal development. 

Lowest prices for "new" Western coal will occur under conditions of 

demand growth of less than 25% per year. This lowest-cost coal will consist 

mostly of low-rank (8300-8800 Btu/lb) subbituminous coal produced from large 

surface mines in the Powder River Basin in Wyoming and Montana. Output of 

higher quality subbituminous coal will also expand; however, constraints on 

reserves availability will cause the market share of this coal to decline. 

For Western coal demand growth in excess of 25% per year, shortages of large-

scale surface mine equipment will force the opening of smaller surface mines 

in the Powder River Basin and will encourage the development of underground 

bituminous mines in other Western coal regions. 

Shipment by railroad will remain the principal transportation mode to 

the Midwest, with rail/water routes favored for many plants located on the 

Great Lakes and the Inland Waterway System. The analysis of current railroad 

rates shows that they are reasonably well approximated by the relation 

r = 6.3 + 600/X, where r is the unit cost of transportation (mills per 

ton-mile) and X is the size of the annual shipment (thousands of tons per 

year). Transportation costs, expressed in constant dollars, are projected 

to increase by 3% per year. 

A simplified presentation of delivered coal price estimates for 1974 

and 1982 is given in Figs. 3.1-3.4. In the policy analysis model, LSC costs 

are computed for each power plant as described in Sec. 2. The figures, which 

correspond to two different demand growth scenarios, show prices as a function 

of market distance for coal produced and delivered under high-volume, long-

term contract. The price frontiers shown tn Figs. 3.1 and 3.3 refer to 

deliveries of bituminous and subbituminous coals produced under conditions of 

low demand growth. Demand growth in excess of 25% per year will allow the 

marketing of subbituminous coal produced from less efficient surface mines. 

Estimated costs under the high demand growth scenario are shown in Figs. 3.2 

and 3.4. The nominal price advantage of subbituminous coal (y 10(f/10̂  Btu at 
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the Ohio-Indiana border in 1974) is largely offset by the superior combustion 

properties (particularly the higher ash-fusion tenperatures) of the bituminous 

coal. 

Under both the high- and the low-demand growth scenarios, higher 

rank subbituminous coals are likely to remain scarce. This means that pro­

ducers of the higher rank coals will be able to raise their mine prices to 

levels that will equate the delivery prices (cents per million Btu basis) of 

the high- and low-rank coals. Table 3.1 lists estimated 1982 mine prices of 

subbituminous coals of different heating values for an assumed shipping dis­

tance of 1200 miles. 

The Low Sulfur Coal (LSC) supply functions were derived from Coal 
9 

Age projections as reported by Asbury and Costello. There are three types 
of LSC considered, and each has a unique supply function. 

Type 1 represents large strip mines in the Powder River Basin. This 

is 8300 Btu, 0.5% S coal produced at $2.31/ton in 1974. The initial supply 

is 9.75 M tons in 1974 with growth at 25% per year. This is considered to 

be the maximum rate of expansion for this type of production. 

Table 3.1. 1982 Mine Prices for Subbituminous Coals 
of Different Heating Values 
(Shipping Distance = 1200 miles) 

Coal Heating 
Value 
(Btu/lb) 

8,300 

9,000 

9,500 

10,500 

Demand 

$/ton 

3.66 

4.84 

5.70 

7.39 

Growth < 25%/yr 

((f/MBtu) 

(22.0) 

(26.9) 

(30.0) 

(35.2) 

Mine Price 

Demand 

$/ton 

5.49 

6.84 

7.81 

9.72 

Growth > 25%/yr 

(if/MBtu) 

(33.1) 

(38.0) 

(41.1) 

(46.3) 

Type 2 represents smaller, less efficient strip mines in the same 

region producing at $3.47/ton in 1974. The supply from these mines was 

estimated to be: 0.5 M tons in 1974, 6.0 M tons in 1978, 10.0 M tons in 

1980, and 14.0 M tons in 1982. 
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Type 3 represents underground mining in Utah and Western Colorado. 

This is 12,200 Btu, 0.6% S coal that could be produced at $8.59/ton in 1974. 

No coal from these mines was predicted to be available until 1977 when 6.0 M 

tons could be produced. Thereafter, output could grow at 50% per year. 

The growth rates indicated above are maximum rates of increase. In 

each year, the supply of coal grows at a lesser rate if in the previous year 

not all the available supply was used up. 
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4.0 SULFUR DIOXIDE CONTROL TECHNOLOGIES 

Turning now to the costs of Flue Gas Desulfurization systems, there 

are two kinds of cost estimates appearing in the literature. One cost esti­

mate is based on experiences with FGD systems to date and represents not only 

the costs of the equipment and its operation but also some developmental costs, 

since these installations are still in a formative stage. A second set of 

cost estimates, used in this study, is based on the presunption that FGD 

systems will become common, and that after many have been built, the develop­

mental costs will be very small and the true operating and capital costs will 

remain. The details of the analysis discussed here are presented by Hurter. 

In conducting this study, a detailed review of past reports was carried out in 

conjunction with a survey of vendors, utilities, and trade associations. 

Preliminary evidence related to the TVA Widows Creek unit indicates 

that almost two-thirds of the total annualized costs of operating an FGD sys­

tem are due to the capital costs. Therefore, an increase in annual plant 

load factor will lead to the distribution of the fixed portion of annual costs 

over a larger number of output units, and the operating costs on a kw-hr basis 

will fall dramatically as the number of electrical units produced increases. 

Thus, in terms of the operation of a given plant, there are what may be called 

short-term economies of scale. 

There seems to be considerable evidence from a variety of different 

sources to indicate that there are no substantial differences in the cost of 

using the various kinds of FGD systems normally considered. As the design of 

scrubbers is limited by technological considerations to a maximum volume of 

gas that can be handled, the scrubbers will undoubtedly be constructed in a 

modular fashion, with each module handling the flow associated with an approxi­

mately 150-Mw plant. This limits the long-term economies of scale in the 

development of FGD systems, but, nevertheless, some of these economies are in 

evidence. However, it is apparent that annualized costs are a strong function 

of plant parameters, such as size, load factor, and sulfur content. The 

rather extensive range of estimated possible costs, when using the engineering-

economic basis for developing these costs, is between 1.1 and 7.7 mills/kw-hr. 

This is the range of costs for a single kind of process; for exanple, lime­

stone scrubbing, when the parameters are changed throughout their range. 
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This range is particularly important since it far exceeds the range of 

differences between types of processes when all of the parameters are con­

sidered at their normal or most likely levels. 

The cost estimating model used in this study for FGD systems includes 

(1) utility and raw material consunption, (2) operating labor costs, (3) main­

tenance costs, and (4) capital charges. The costs are a function of plant 

size, load factor, sulfur removal rate, and retrofit difficulty. The model 

used in this policy analysis, wtiich is based on work by Burchard, for esti­

mating the costs of FGD for individual power plants is described in J^. III. 

This engineering-economic analysis of scrubber alternatives indicates a cost 

range of 2.2-2.5 mills/kw-hr, or a capital cost range of $34.60-$46.00/kw. 

These are the costs from a variety of different processes, including lime­

stone scrubbing, lime scrubbing, magnesium oxide scrubbing with regeneration, 

alkali scrubbing with thermal regeneration, and alkali scrubbing with electro­

lytic regeneration. In each case, the most likely values of the parameters 

are used in conputing the costs. 

Annualized costs for waste disposal, a difficult problem, ranged 

from $1.00-$7.00/ton, and $3.00/ton is used. A value of $15.00/ton for 

sulfur, or for the sulfur content of sulfuric acid as resale, is used. 

It should be noted that the 1972 average national consumer costs 

for power were about 17.8 mills/kw-hr; while, as we have already seen, the 

1972 average costs of FGD is about 2 mills/kw-hr. On the basis of these 

figures, consumer costs for electricity could rise by 10% through the wide 

scale adoption of FGD systems. Of course, the increase in cost will be much 

larger for consimiers who happen to live within areas where power is generated 

almost exclusively through the burning of coal. 

When turning to the diversity of cost estimates that appear in the 

literature, it must be kept in mind that actual operating experience with FGD 

systems is very limited indeed. Consequently, the numbers presented are esti­

mates, and nothing more. Capital costs on a per kilowatt basis presented in 

the literature range from $30-$100. Some of these cost estimates are for 

new plant, and others are for retrofit. Some include the cost of sludge dis­

posal , and others do not. • 

A key factor in determining the rate at which systems could be 

installed is the length of time an installation takes. A vendor may state 
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that four systems could be installed at a time, but if each system takes four 

years to install, then he is able on the average to install only one a year. 

Experience to date indicates that a system installation takes 27-36 months. 

Although present installation of FGD systems seems to be limited by 

the demand by users for the systems, the vendor capacity is expected to grow 

at a rapid rate; so that in the relatively short time up to, say, 1979, vendor 

capacity will equal or exceed the needed capacity. Since demand is presently 

the limiting factor as far as installation of systems is concerned, it is 

unlikely that all the potential under-capacity will be used up in the years 

immediately following. A major determinant of this market will be the vigor 

with which the state and federal environmental protection agencies push the 

sulfur oxide conpliance requirements, especially in the form of emission 

limitations. After all the time and energy expended on the installation and 

development of FGD systems, fewer than ten systems are actually in operation 

at the present time. Furthermore, many installations of various types have 

been tried and discarded. 

Nevertheless, the final report of the Sidfur Oxide Control Technology 
Q 

Assessment Panel (SOCTAP) states that technology does not appear to be a 

limiting factor in utilization of stack gas cleaning. "The SOCTAP task force 

believes that the required high reliability of FGD systems will be achieved 

with the early resolution of a number of engineering problems for which spe­

cified solutions have already been developed and demonstrated at one or 

another location." 

One form of evidence on this question would be the reliability data 

from operating scrubber units. Reliability data were sought from seven plants 

that, in one way or another, were considered to be in operation. None of the 

plants had enough operating experience, during which time the scrubbers 

actually operated, to provide figures, except for the Conmonwealth Edison 

Will County plant. The Will County plant uses two scrubbers designed to 

operate in parallel and to take the entire flue gas output. In 1972, one 

scrubber was available 32% of the time; the second, 26% of the time; and the 

two together, 8% of the time. The availability figures fell to 27% for the 

first scrubber, 5% for the second, and less than 1% for the two combined 

during 1973. At the last available notice, both scrubbers are now shut 

down. 
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An interview study of "experts" made by Battelle in the spring 

of 1973 indicates that there is little difference among the various individual 

processes in terms of expected reliabilities. A 90% onstream or availability 

factor for the closed-cycle, stack gas treatment process on a 100-Mw-or-greater, 

coal-fired utility plant in the United States will not be available until 1976 

at the earliest. One-third of the respondents in the Battelle survey felt 

that none of the major processes would achieve 90% availability until after 

1980. In the analysis conducted here, a 90% availability was used (see Sec. 5). 

The control device supply function was derived from estimates of 
o 

vendor capability made by the SOCTAP study. National sipply was prorated 

to the study region on the basis of fossil-fueled capacity. 

The supply function is demand responsive, the initial supply is 

880 Mw in 1975. The cumulative supply in each year is 

Supplyj-̂ -, = Supply, ,, + gf(Installations, ,̂  - Installations, ^ , ) . 

The growth factor (gf) is 215% up to a supply of 21,000 Mw; there­

after, the growth rate is 115%. 
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5.0 GENERATING SYSTEM CCWSIDERATIWIS 

The purpose of this section is to record the results and bases for 

calculating generating system operational costs that result from two alterna­

tive strategies: burning low sulfur fuel and using flue gas desulfurization 

(FGD) systems. 

The economic aspects of policy analysis enconpasses many cost factors; 

the work described herein pertains mainly to generating system effects on a 

one-year basis. In particular, the following effects are included: 

Changes in system reliability due to increase in 
forced outages of plants witn added equipment. 

Changes in the distribution of energy generation 
among the units in a system caused by the use of 
LSC and FGD. 

Changes in efficiency of electrical generation for 
plants using low sulfur fuel and flue gas treatment 
facilities. 

Changes in plant capability due to a higher in-house 
use of power. 

Changes in operation and maintenance costs caused 
by the auxiliary or increased processing of fuel 
and waste streams. 

It is readily seen that many factors are omitted, most noticeable 

are the changes in plant capital costs due to the addition of the facilities, 

but these capital costs are included in the larger analysis program (see 

Sec. 4). 

The approach used is to calculate the system's operational costs 

that include a reference generating unit burning its normal fuel; costs are 

then calculated for the system that contains this same unit burning low sulfur 

fuel, and, finally, with the unit burning high sulfur fuel with flue gas 

desulfurization facilities. For each of these three situations, costs are 

assigned to the unit being studied and annual differential costs are estimated. 

A large number of cases are investigated to show the influence of fuel costs, 

incremental forced outage rates, and unit size. 

The SYSREL code is the main calculatlonal tool used in this study; 

however, some hand calculations are used for estimates of sinple cost factors. 
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The code, SYSREL, deals with maintenance scheduling of generating units, 

needed generating reserve margin for a specified reliability criterion, allo­

cation of electrical energy to the individual generating units of the system, 

and generating costs. The reliability calculations are based on the loss-of-

capacity nethod. The energy allocation portion of the code determines energy 

generated by each unit based on the system load, forced outage rates of the 

units, and loading order of the units (or portions of units). 

An electrical generating system was modeled, for the region being 

studied, that was reasonably representative of a utility system but without 

being conpletely like any actual system. Appendix IV describes the system 

considered and the results in detail. 

Figure 5.1 summarizes the results obtained. The penalty in mills/ 

kw-hr is independent of the size of the unit, being principally affected by 

the annual capacity factor. These results are added to the cost estimates 

described in Sees. 3 and 4 to obtain the total costs for low sulfur coal and 

FGD systems. 



39 

^ 5 

Q 3 

INCREMENTAL SYSTEM RELIABILITY COSTS: 

• COSTS DO NOT INaUDE CAPITAL COST 
PENALTY FOR USE OF FGD OR LSC 

• COSTS DO NOT INaUDE 05M COST PENALTY 
FOR USE OF FGD 

• COSTS DO NOT INCLUDE INCRIJENTAL FUEL 
COST PFĴ ALTY FOR USE OF LSC 

.2 .4 .6 .8 

ANNUAL CAPACITY FACTOR 

1.0 1.2 

Fig. 5.1. Generalized Reliabilit)- Costs 
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6.0 DISCUSSICN OF RESULTS 

The sequence of models shoivn in Fig. 1.1 was used to assess a variety 

of sulfur dioxide control policy options. 

Four measures of the effects of the control policy options are pre­

sented. The first measure indicates the magnitude of the demand for control 

devices and the extent to which they are supplied for each year, as expressed 

in megawatts of installed capacity. This measure indicates the tijne path to 

market equilibrium resulting from the imposition of a policy alternative. 

The amount of low sulfur coal sipplied and demanded for each year is similarly 

portrayed. The second measure of each scenario is an indication of annual 

expenditures for scrubbing devices and fuel costs of each policy as a function 

of time. The third measure relates the policy options to the air quality 

effects over time. The megawatts of capacity not in compliance with a given 

regulatory scenario are presented. These numbers will, of course, vary over 

time, depending on the regulation under study and the availability of low 

sulfur fuel and scrubbers. It should be noted that since scarce fuel or scrub­

bers are allocated in the model on the basis of the air quality surrounding the 

plants but may not be so allocated in the real world, this measure is optimis­

tic with respect to air quality improvements. One criterion of a successful 

control program is to reduce these numbers as quickly as possible. For 

scenarios with a large number of noncomplying plants due to fuel deficits 

or control device shortages, a large number of variances would have to be 

granted by the state authorities. Finally, the megawatts of capacity in 

compliance are also presented. 

6.1 POLICY ANALYSIS 

The following sulfur dioxide control policy options were analyzed: 

1. The present State Implementation Plans were assimied to 
go into effect in 1975. An analysis was also made of 
the economic and air quality effects of delaying these 
plans to 1977 or 1980. New Source Performance Standards 
(NSPS) are assumed in effect. 

2. In the second scenario, power plants are required to 
meet only an ambient air quality standard of 290 ug/m' 
of sulfur dioxide. Emission limitations vary, there­
fore, on a plant-by-plant basis. The impact of alter­
native conpliance dates for air quality standards of 
1975, 1977, and 1980 were analyzed. 
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3. The third scenario assumed that rural plants could use 
intermittent control techniques until 1980 and there­
fore have no constant emission limitations. Urban 
plants were required to conform to present State 
Inplementation Plans. 

4. The final scenario was developed to investigate how 
sensitive potential fuel deficits were to the delay 
of the New Source Performance Standards. The ambient 
air quality standards were analyzed as in scenario 2, 
but when the compliance schedule was delayed, the 
New Source Performance Standards were also delayed. 

The policy analysis gives insight into the relationships between 

various federal and state policies and resulting patterns of conpliance. 

The ways in which a range of policy changes can affect changes in rates and 

modes of compliance were investigated. Figures 6.1 through 6.9 show the re­

sults of the analysis graphically; the numerical results are given in App. V. 

In examining the first two figures, a conparison of the effects of 

imposing State Inplementation Plan (SIP) regulations as opposed to require­

ments to meet National Ambient Air Quality Standards (NAAQS) can be seen. 

Nonconpliance, expressed in megawatts of capacity not in conpliance, is 

significantly larger and more persistent for the SIP regulations. If the 

policies were to be implemented in 1975, conpliance would be essentially 

complete by 1982 for the NAAQS; but noncompliance with the SIP regulations 

would be 15,000 Mw or 15% of the regional capacity. These nonconpliance 

figures may be interpreted as a measure of the number of variances that would 

have to be granted by state authorities. Under the two policy options, both 

low sulfur coal and scrubbing industries have a rapid increase in utilization 

from 1975 to 1978. After this time the demand for scrubbers levels off. 

Utilization of low sulfur coal proceeds at about the same rate for both 

policies since supplies are constraining. Scrubber utilization is about 

40% higher for SIP regulations than for the NAAQS and the annual expenditures 

for conpliance are about 35% higher. 

The effects of delay are dependent on the nature of the policies 

being considered. If the SIP policy is delayed two years from 1975 to 1977, 

noncompliance increases by 58% in 1980 and is still 52% higher in 1982. But 

if the New Source Performance Standards (NSPS) are separated from the SIP, so 

that the NSPS are enforced in 1975 while the SIP policy is delayed two years 

then nonconpliance in 1982 is only 38% higher. However, the amount of FGD 
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utilized remains the same; changes in conpliance reflect var\'ing utilization 

of LSC that is constrained in turn by the supply-demand relationships. On 

the other hand, a two-year delay in the less stringent NAAQS polic)- raises 

nonconpliance in 1982 from 2% of regional capacity to 6%. If, as was des­

cribed above, the new source standards are enforced in 1975, then delay of 

the NAAQS to 1977 makes no change in ultimate conpliance in 1982. This is 

sinply due to the fact that long-run LSC supplies are adequate to meet demands 

occasioned by the NAAQS, but not SIP, policy. As long as some LSC demand is 

created in 1977, the supply growth of Western coal will be initiated soon 

enough to generate LSC quantities that are adequate to eliminate the fuel 

supply constraint under the NAAQS policy in 1982. 

Thus it can be seen that sinply delaying enforcement of a policy 

shifts the response and conpliance later in time, but not linearly. Delays 

not involving new sources allow supplies of Western coal to develop based on 

new source demand; thus the rate of utility conpliance once the standard is 

enforced is accelerated. The initial enforcement of new source standards will 

initiate the growth of both the LSC and the FGD industries. This effect is 

most important to the scrubber industry. 

In each policy scenario analyzed, scrubbers are invariably at least 

slightly more expensive than low sulfur Western coal. This cost relationship 

indicates that scrubbers are utilized only when there is simultaneous enforce­

ment of an emission limitation and a scarcity of low sulfur coal. Scrubber 

utilization always seems to reach a plateau vdthin five years of initial 

utilization; after that, scrubbers are underutilized with respect to potential 

supply. Western coal utilization, on the other hand, is guided through the 

initial years of policy enforcement by the rate of growth of production. If 

a program of air quality improvement is phased-in over several years, demand 

for LSC will be immediate and strong. If, in any year of the analysis, the 

available LSC is used up, then some plants are assigned scrubbers in spite of 

their slightly higher cost. Thus, if the phasing-in of air quality standards 

is very gradual, it could well resiilt in almost all compliance being accom­

plished with clean fuel. Prompt enforcement of broad and stringent standards 

will favor the scrubber industry. This conclusion is reinforced by the fact 

that scrubber costs are based on a fully developed technology. If there is 

such a delay in policy enforcement, the scrubber industry may not progress 

technologically as anticipated sales are postponed. 
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Simulation of an intermittent control policy for rural plants is 

shown in Fig. 6.9. Here, all existing plants in rural areas were exenpted 

from using control devices or any significant amount of low sulfur fuel until 

1980. These plants were then subjected to the National Ambient Air Quality 

Standards. Urban plants were subjected to the emission limitations of the 

SIPs; new plants, wherever located, were governed by the new source standards. 

In terms of compliance rates and utilization of FGD and LSC, the response to 

this policy falls between SIP inplementation and the NAAQS policy. 

A final observation with regard to these analyses has to do with the 

economic impact on the electric utilities in the Midwest of the various policy 

options. The annual compliance costs in constant 1974 dollars for the SIP 

policy range from $100 million to $1.2 billion, or over $16/yr/kw in conpli­

ance. Rural intermittent control reduces these costs by 10% and 14%. Enforce­

ment of ambient air quality standards instead of SIPs reduces these costs by 

22% and 32%, respectively. Almost uniformly the policies analyzed caused an 

increase in costs of power generation of 2-3 mills/kw-hr. This represents a 

10-20% increase in current power production costs. 

6.2 PRICE ANALYSIS 

The preceding analysis indicated a large excess demand for low sulfur 

coal that could lead to an inflationary spiral, which would alter prices and 

drive ip scrubber utilization. Any relative cost change that would inprove 

the competitive position of FGD could greatly increase FGD utilization. In 

all the policy options analyzed in Sec. 6.1, FGD supply rapidly outgrows 

demand. The potential for greater utilization is large, and the price change 

required to realize it should be analyzed. The scenario chosen for price 

analysis was the enforcement of New Source Performance Standards (NSPS) and 

primary air quality standards (NAAQS) tn 1977. This policy was analyzed with 

no variation allowed from a strictly least-cost response in order to isolate 

the effects of cost changes. That is, the criterion, that up to 15% deviation 

from least cost would not affect a control decision when availability is 

limited, was eliminated. This 15%, as is examined further in the analysis, 

simulates the cost overrun that a utility migjit accept in order to avoid fines 

or litigation costs. Leaving out this differential was necessary for a clear 

insist into the effects of price changes. 
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The price of LSC was increased 5-40% from the base level used in the 

policy analyses in Sec. 6.1; this was equivalent to a parallel decrease in 

FGD price. Figures 6.10, 6.11, and 6.12 show nonconpliance in the year 1982 

as well as FGD and LSC utilization by that time for a range of price varia­

tions. (Note that these Mw of FGD utilized do not equal Mw of capacity; the 

amount of FGD needed to "cover" each utility plant is dependent on the severity 

of the emission standard that must be met.) 

Only a 10% change in relative prices is needed to bring the regional 

utility system into compliance by 1982 (see Fig. 6.12). FGD costs are only 

slightly higher than the costs of LSC, and thus only a slight change is needed 

to dramatically increase the utilization of FGD. At a 10% price change, the 

excess demand for LSC in 1982 is reduced to zero, and compliance with the 

policy scenario is essentially complete. Any price change beyond this 10% 

point will not improve ultimate compliance in 1982. Greater relative price 

changes cause increasing amounts of FGD to be substituted for LSC as can be 

seen in Fig. 6.10, with the supply of FGD being adequate for demand occasioned 

by even a 40% price change. 

Of course any relative price change beyond the 10% turning point will 

speed conpliance, but there is a point of diminishing returns. If the relative 

price change is too extreme, then the rate of conpliance will be hindered by 

the lack of enough scrubbers to meet demands. Although the ultimate compli­

ance by 1982 will be essentially conplete beyond a 10% change, the compliance 

by, say, 1980 will only worsen if the relative price change is greater than 25%. 

Between 10% and 25%, the rate of compliance is not very sensitive to the rela­

tive price changes. 

Although there could be unforeseen cost breakthroughs in FGD tech­

nology, the price estimates in this analysis are generally optimistic. FGD 

prices could be affected through pricing policies such as fines, subsidies, 

or taxes. It should be noted that capital charges account for 50-55% of 

annual compliance costs if a plant uses FGD to meet emission standards. 

Comparatively, compliance by use of LSC involves capital charges amounting 

to only 5-10% of total annual compliance costs. The conclusion is obvious 

that FGD costs and utilization are crucially dependent on what electric 

utilities must pay for capital. 
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The policy implications of the cost sensitivity for the Midwest are 

profound. Only about a 10% decrease in relative cost is needed to make FGD 

viable in this region. A cost decrease of 35% relative to LSC would reduce 

by over half the use of LSC in the Midwest utility market. At stake are not 

only air quality goals, but also the large coal industry producing high sulfur 

coal in three of the states of the study region. The regional benefits of pre­

serving this coal iiidustry should be considered in a decision to stimulate 

adoption of FGD. 

6.3 AVAILABILITY ANALYSIS 

An analysis was conducted of the effects of LSC availability increas­

ing more rapidly than was assumed in the preceding analysis. This was done by 

causing the supply of type 2 LSC to be 125% higher in 1977 and to grow by 50% 

annually to a level that was 388% above the previously projected supply. This 

growth would be produced by less efficient strip mining techniques in Wyoming 

and Ntontana. It is believed that the price of coal from such sources is essen­

tially independent of supply, and thus the cost to utilities was not increased. 

This is not the cheapest Western coal, nor is it the most expensive. These 

small strip mines use readily available equipment for mining, and thus may not 

be subject to the same constraints on expansion as are both large surface mines 

and underground mines that utilize specialized equipment. The large mines are 

not expected to be able to grow any more rapidly than the projections used in 

the policy analyses. The only way that the smaller mines could expand produc­

tion significantly would be through the diversion of equipment and labor from 

other industries. The 50% annual rate of growth is a very optimistic one. 

By 1982, under this assumption the 68 M tons produced by small sur­

face mines would dwarf other sources of Western LSC. The policy scenario was, 

again, the 1977 enforcement of both NSPS and the NAAQS. The increased amount 

of type 2 LSC raised the total available to the utilities from 96.8 M tons by 

1982 to 151.1 M tons -- an increase of 56%. The results are predictable; by 

1982 LSC utilization rises from 96.8 to 118.1 M tons and the capacity in com­

pliance with standards from 85,530 to 94,250 Mw. This large increase in 

available LSC eliminates the excess, unsatisfied demand for clean coal by 1981. 

It should also be noted that in either case the amount of FGD utilized 

is about 15,000 ̂ 1w. A closer look at the individual plant responses shows why 
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the use of FGD does not decline. It turns out that in order to conply with 

this policy scenario, only existing plants subject to meeting the .MAAQS 

utilize FGD. .New power plants subject to the more stringent NSPS and unable to 

find low cost high sulfur coal, which existing power plants are utilizing, 

find it at least slightly cheaper to use Western LSC. The allocation of scarce 

resources in the policy analysis gives priority to new plants that must conply 

in order to be built and operated. Thus, the additional coal is used by the 

new, high priority plants and the rate of conpliance is ijiproved. However, for 

existing plants lower down on the priority ladder, even the large increase in 

coal supply does not come soon enough for them to avoid FGD. Since the 15% 

cost differential simulates enforcement, these plants are assigned the slightly 

more costly FGD in the earlier years of the analysis. 

It can be concluded that the utilization of FGD is not sensitive to 

the long-run supply of LSC. The rate of compliance is directly related to 

LSC availability. The projected supply of FGD is more than adequate to meet 

demands even at half the allowed grovrth rate for the scrubber industry. Even 

with large relative price changes on the order of 30-40%, the long-run sipply 

of FGD is adequate. Only an initial, three-year lag in supply constrains the 

utilization of FGD. 

6.4 ALTERNATIVE EMISSION LEVELS 

In order to guide policy making, it is helpful to consider the 

regional utility response as a function of permitted emission levels. A 

simple uniform emission standard was applied to all existing power plants 

in the region with enforcement beginning in 1977. New plants were covered 

by the New Source Performance Standards (NSPS). The standard was varied from 

an extremely strict 1.21 lb SOz/MBtu to a generous 3.50 lb SOj/MBtu. The 

lower bound of 1.21 lb S02/NBtu precludes use of high sulfur coal except for 

a small amount blended with deep mined Western coal. 

Figures 6.13-6.15 display the results of varying emission standards. 

The utilization of LSC by 1982, as shown in Fig. 6.13, does not fall off until 

the standard is lowered to 3.00 lb SOj/MBtu or greater. The remaining unsat­

isfied demand falls with rising emission limits, but only a 3.00 lb SO^/MBtu 

standard or greater gives a clean fuel surplus by 1982. Scrubber utilization 

by 1982 (Fig. 6.14) stays at around 17,000 Mw for all emission limits. The 
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plants using FGD are being compelled to do so by enforcement even though LSC 

is slightly cheaper. This utilization reaches a plateau by the fifth year as 

FGD supplies increase rapidly and go far beyond utility demand. The available 

supply in the first few years of enforcement, when both options are supply 

constrained, can be spread over more power plants as emission standards are 

relaxed. This is consistent with requiring a plant to remove only enough SO2 

to just meet the legal emission rate. The capital cost of FGD is sensitive 

to the required removal of sulfur so the cost conpetitiveness of FGD seems to 

inprove as emission limits are relaxed. 

Figure 6.15 shows the time path to compliance by displaying the total 

plant capacity not in compliance in each year. It can be seen that significant 

improvements in conpliance come only vdren the emission standard is relaxed to 

2.5 lb SOz/MBtu or higher. If 1982 is the target year for conplete conpliance, 

3.00 lb SOj/MBtu is as high as the standard need be. 

6.5 STRICT ENFORCEMENT OF POLICIES 

The preceding policy analysis is an economic analysis of the utility 

response to various control policy options. The analysis assumes economic 

choice on the part of utilities without strict enforcement. That is, vari­

ances are granted to electric utilities if the desired control option (generally 

LSC) is not available and the other control option (generally FGD) has a cost 

penalty of 15% or more over the desired control option. It is desirable to 

investigate the cost and effectiveness of strict enforcement of standards, 

subject only to availability. 

In this analysis, electric utilities are required to choose a control 

option if it is available. In the case of NSPS and NAAQS enforced in 1977, 

the utilization of FGD in 1982 increases from 14,000 Mw to 24,000 Mw. For the 

NSPS and SIP applied in 1977, the utilization of FGD in 1982 increases from 

20,000 Mw to 40,000 Mw. Strict enforcement gives compliance by 1981. Since 

compliance is so crucially dependent on the use of FGD, only an extremely 

vigorous program of installation and experimenting with FGD will result in 

timely conpliance. The increased costs reach nearly $700 million/yr for the 

region by 1982 to enforce the NAAQS; enforcement of SIP regulations inplies 

increased annual costs of nearly $1200 million by 1982. 
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6.6 SENSITIVITY ANALYSIS 

Because of the predictive nature of the cost estimates utilized in 

this study, it is desirable to investigate the sensitivity of the results to 

these various cost factors. Two factors, system costs and boiler conversion 

costs, are studied. 

6.6.1 System Costs 

The cost of utility responses includes an estimate of system costs. 

These are costs incurred not at the particular plant being analyzed but at 

other plants within the interconnected utility system because of the control 

strategy being considered for the particular plant. These costs are essen­

tially the cost of providing more energy from other units, or if necessary, 

adding other units to keep the system reliability constant. This system cost 

is most severe for FGD because of scrubber reliability problems. 

Ignoring these system-wide costs increases FGD utilization by 45-65% 

with resulting improvement in the rate of conpliance. Using as an example 

the case of SIP enforcement in 1975, ignoring system costs will increase FGD 

installation by 1982 from 19,740 Mw to 33,030 Mw. Noncompliance falls from 

14,670 Mw in 1982 to 180 Mw. LSC utilization falls only slightly, constrained 

through most of the years by availability. If the system costs are ignored in 

another example, 1975 NAAQS, the increase in FGD utilization is also large --

from 13,830 Mw in 1982 to 20,070 Mw. However, the above is somewhat unrealis­

tic as these system costs could be reduced, but not eliminated. 

If the reliability of scrubbers were to be irproved so that they 

increased the forced outage rate of a power plant by 0.05, instead of the 

expected 0.10, then system costs for this control option would be reduced 28%. 

The complete dissociation of scrubber operating reliability from that of the 

power plant by means of flue gas bypasses would decrease the FGD system cost 

by 57%. These lower system costs improve the competitive position of FGD ver­

sus LSC and result in greater utilization of scrubbers, and thus, more rapid 

conpliance with policy. Specifically, for SIP enforcement beginning in 1975, 

improving scrubber reliability increases utilization nearly 35%; decoupling 

the scrubber reliability increases utilization over 60%. The attendant 

inprovements in conpliance by 1982 are 10% and 18%, respectively. Somewhat 

lesser increases result if the policy enforced in 1975 is the less stringent 

NAAQS. 
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6.6.2 Boiler Conversion Costs 

Included in the cost of LSC utilization is the expense of converting 

any existing boilers to bum Western coal with its higher ash content and 

higher ash fusion temperature. These costs are especially high for the many 

wet-bottom boilers that were designed to use Midwestern high sulfur coals. 

The costs used are $35/kw for wet-bottom boilers and $10/kw for dry-

bottom. These costs are based on a January 1973 Staff Study by the Office of 

Emergency Preparedness. The fraction of each plant that is of wet- and dry-

bottom design is used in calculating conversion costs, which are then annual­

ized over 15 years at the same rate used for FGD capital costs. No conversion 

charges are assessed against new plants. 

The simulation of utility response is not very sensitive to this cost. 

Two strategies were analyzed with the conversion costs reduced by half. In 

the case of SIP enforcement in 1975, the ultimate use of FGD declines by only 

7% from 19,740 Mw to 18,450 Mw in 1982. LSC utilization remains supply con­

strained, and therefore, compliance is poor. But in the case of 1975 enforce­

ment of the NAAQS with reduced conversion costs, the use of FGD declines 12% 

from 13,830 Mw in 1982 to 12,190 Mw. With this policy, sipplies of LSC are 

adequate to insure virtually complete conpliance by 1982. 

Thus, sensitivity to the boiler conversion costs will be more apparent 

when the policy is not so strict that LSC supplies are inadequate throughout 

the ten-year simulation period. This is borne out by noting that the cost 

models show, for base load plants, that the conversion cost of wet-bottom 

boilers is only 9-10% of the total annual cost of using LSC. For dry-bottom 

boilers, it is only 3-4%. 
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LSC-FGD RELATIVE COST CHANGE 

Fig. 6.10. LSC Utilization in 1982 vs Relative Cost Qiange LSC-FGD 

(Ref.: App. V, Runs #37-41, 46, 50-52 
Policy: NAAQS 1977 - NSPS 1977) 



61 

. , 
» 
z 

l O 01) 

CVJ 

oo 
a> 
z 

z 
o 
t— 
< t 
r j 

_ i 

t— 

o 
o 
C3 
I i . 

40 

35 

30 

25 

20 

15 

10 

5 

0 

1 1 1 

y \ 1 1 

1 1 1 

^ r ,i> 

^ r M 

-

_ 

— 

-

-

1 1 1 

07o 57o 10 7o 157, 20 7o 257. 307. 

LSC-FGD RELATIVE COST CHANGE 

357o 407. 

Fig. 6.11. FGD Uti l izat ion in 1982 vs. Relative Cost Change LSC-FGD 

(Ref.: App. V, Runs #37-41, 46, 50-52 
Policy: NAAQS 1977 - NSPS 1977) 



62 

50 

"^ ^ 

NON-COMPLIANCE IN 1982 

NON-COMPLIANCE IN 1980 / 

y 
/ 

/ 

/ 

• ^ _ y 

157. 207. 257. 307. 

LSC-FGD RELATIVE COST CHANGE 

357. 407. 

Fig. 6.12. Non-Compliance in 1980 ajid 1982 vs Relative Cost Change 

(Ref.: App. V, Rms #37-41, 46, SO-52 
Policy: NAAQS 1977 - NSPS 1977) 



63 

150 

125 
CO 
z 
o 

CO 
O 

\ 

° 100 
CVJ 

CD 

^ 75 

^ 50 

tn 

UTILIZATION — 

EXCESS DEMAND 

N 

1= :^ 

25 

\ 
\ 

\ 

\ 

\ 

1 1 _L 
1.21 1.50 2.00 

EMISSION LIMIT IN 

2.50 3.00 3.50 

1977 (lbs SOe/IO^ BTU) 

Fig. 6.13. LSC Utilization in 1982 vs Emission Limit in 1977 

(Ref.: App. V, Runs #31-36) 



64 

L2I 1.50 2.00 2,50 3.00 

EMISSION LIMIT IN 1977 (lb SO2/MBTU) 

3.50 

Fig. 6.14. FGD Utilization in 1982 vs Emission Limit in 1977 

(Ref.: App. V, Runs #31-36) 



65 

o 

o 
z 

o 
(D 
I 

1977 1978 1979 1980 1981 
YEAR 

1982 

Fig. 6.15. Non-Con^jliance vs Time for Emission Limits in 1977 

(Ref.: App. V, Runs #31-36) 



66 

ACKNOWLEDGMENTS 

The list of contributors to a study such as this is too long to 

enumerate; however, useful input and guidance was provided by three federal 

agencies: the U.S. Energy Research and Development Administration, the U.S. 

Environmental Protection Agency, and the National Science Foundation. In par­

ticular, Dr. David Camp, now with the University of Detroit, assisted in the 

initial scoping of this study. We gratefully acknowledge the input and guid­

ance of Mr. Michael Fisher of the Office of Air Quality Planning and Standards 

in the EPA. 



67 

REFERENCES 

1. Rosenberg, L., et al̂ . Availability and Requirements of Stationary-
Source Fossil Fuels - 1975 and 1977. MrR-6221. The MITRE Corp., 
Washington, D.C. Aug. 1972. 

2. Inpact of Electric Utility Control Strategies on Coal Availability and 
Requirements in 1975. USEPA Draft. 1974. 

3. Actions for Increasing the Availability of Low Sulfur Fuels in the 
1975-77 Period. USEPA Draft. Jan. 1973. 

4. Steam-Electric Plant Factors. 1972 Edition. National Coal Association. 
Wash., D.C. Dec. 1972. 

5. Report to Federal Power Conmission Pursuant to Docket R-362, Order No. 
383-2, by the East Central Area Reliability Coordination Agreement. 
Canton, Ohio. March 1973. 

6. Report to Federal Power Conmission Pursuant to Docket R-362, Order No. 
383-2 and Order No. 383-3, by the Mid-America Interpool Network. 
Chicago, III. April 1973 and Sept. 1973. 

7. Report to Federal Power Commission Pursuant to Docket R-362, Order No. 
383-2, by the Mid-Continent Area Reliability Coordination Agreement. 
Minneapolis, Minn. March 1973. 

8. Final Report of the Sulfur Oxide Control Technology Assessment Panel 
(SOCTAP) on Projected Utilization of Stack Gas Cleaning Systems by 
Steam-Electric Plants. Submitted to the Federal Interagency Conmittee 
for Evaluation of State Air Implementation Plans. April 1973. 

9. Asbury, J., and K. Costello. Price and Availability of Western Coal in 
the Midwestern Electric Utility Market, 1974-1982. ANL/ES-38. Argonne 
National Laboratory. Argonne, 111. Oct. 1974. 

10. Hurter, A. P. (Consultant, NU, Evanston). Flue Gas Desulfurization and 
Its Alternatives: The State of the Art. AHL/ES-39. Argonne National 
Laboratory. Argonne, III. March 1975. 

11. Burchard, J. K., G. T. Rochelle, W. R. Schofield, and J. D. Smith. Some 
General Economic Considerations of Flue Gas Scrubbing for Utilities. 
Control Systems Division, EPA, National Environmental Research Center. 
Research Triangle Park, N.C. Oct. 1972. 

12. Stack Gas Treatment. Battelle Columbus Laboratory. March 1973. 

13. Hub, K., W. Buehring (U. of Wis.), B. Rowland (U. of Wis.), and 
M. Stephenson. Electrical Utility Generating System Reliability 
Analysis Code, SYSREL. ANL/ES-37. Argonne National Laboratory. 
Argonne, III. (to be published). 

14. The Potential for Energy Conservation - Substitution for Scarce Fuels. 
Office of Emergency Preparedness, Executive Office of the President. 
Jan. 1973. 



68 
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APPENDIX I. POLICY ANALYSIS MODEL (PLAN) 

This appendix contains a more detailed documentation of the conqjuter 

simulation code (PLAN) written to analyze emission control strategies for 

electric utilities. 

PLAN is written in FORTRAN and uses about 200K of computer storage. 

It runs in approximately 30 seconds on the lEM 370/195. 

The sections included in this appendix are as follows: 

A. An overall flow diagram of the PLAN policy analysis 
model. 

B. Description of the input data required to execute the 
PLAN model. 

1. Group data, 

2. Low sulfur coal cost and supply data, 

3. Scrubber supply data, 

4. Strategy data, 

5. Plant and boiler data. 

C. A sample problem using a strategy of SIP in 1975 and 
NSPS in 1975. 

1. Input for sample problem, 

2. Plant data base input, 

3. Output for sample problem, 

4. Optional output. 

D. Definition of variables used in PLAN. 

1. Common block variables, 

2. Noncommon variables. 

E. Detailed flow charts of each subroutine. 

F. Program listings. 
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I.A. FLOW DIAGRAM OF POLICY ANALYSIS MDDEL (PLAN) 

MAIN - driver routine 

GROUP - read group data and determine 
whether or not groups can use LSC or 
scrubbers. 

RSUP - read supply and cost data for 
scrubbers and LSC, strategy data --
year, types of change, exceptions. 

RPLANT - read plant and boiler data; 
concentration/emissions; flue gas rate, 
mileage costs, location, age, coal use 
data. 

PANAL - analyze plant data; is breakdown 
into boilers necessary?; can plant be 
ignored (bums only gas or oil)? 

FOR 
EACH 
PLANT 

0 

PRDJ - project capacity, average 
age, util., and input for plant 
over study period. 

PRIOR - based on capacity, age 
ability to use LSC, scrubbers,' 
distance from mine moutli, urban/ 
rural, and AQCR, set priority 
level. 
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I.A (Contd.) 

0 SIMU - set up and direct year by year 
simulation; adjust LSC and scrubber 
supplies. 

FOR 
EACH 
YEAR 

AIRQ - determine air quality and 
difference from air quality stds. 

FIT - check if air 
quality std. is appli­
cable for each plant. 

SUBPRI - determine subpriority 
(order of plants for fuel) based 
on air quality differences. 

DEMAND - determine quantity and type 
of LSC or scrubbers needed to satisfy 
air quality constraints. 

ASSIGN - According to cost, priority, supply 
and plant characteristics, assign a type 
of fuel and/or scrubbers to a plant. 

FOR 
EACH 
PLANT 

LCOST - determine cost of low 
sulfur coal in amount needed 
from the available supply; assign 
lower cost types first, if available. 

SCRUB - calculate cost of scrubber 
and coal in amount needed by this plant. 

FOR 
EACH 

SCRUBBER 
TYPE 

SCRUBC - determine annualized 
cost of scrubber (see App. Ill 

OUTPUT - summarize results of policy 
evaluation by schedules of assignment 
and cost and by compliance and 
nonconpliance tables. 



1.4 

I.B INPUT DATA DESCRIPTIONS 

Group Data 

One card for each group must always be present. 
There is a limit of 4 groips of any type. 

a. Capacity Groups 

repeated for 
each capacity 
group 

Card 1 (1316) 

NCG number of capacity groups 

PA priority level for each capacity group 
(higher nuirbers give highest priority) 

PLSC group characteristic for low sulfur coal 
= -1 not possible to use LSC 
= 1 desirable to use LSC 
= 0 doesn't matter 

PSB group characteristic for scrubber 
= -1 not possible to use scrubber 
= 1 desirable to use scrubber 
= 0 doesn't matter 

Card 2 (3F 6.0) 

CLIM upper limit of capacity for each groip except 
the las t 

b. Age Groups 

Card 1 

for each age 
groip 

(1316) 

number of age groups 

priority level 

low sulfur coal characteristic 

scrubber characteristic 

Card 2 (3F 6.0) 

ALIM year of upper limit for group 
(for each groip except the last) 
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c. Mine-Mouth Groips 

Card 1 

for each mine-
mouth groip 

(1316) 

number of mine-mouth groips 

pr ior i ty level 

lew sulfur coal character is t ic 

scrubber character is t ic 

Card 2 (416) 

MLIM ipper mine-mouth index for each groip 

d. Urban - Rural Groups (if these are used, the f i r s t group 
i s urban and the second rural) 

for each 
U-R groip 

nunJDer of urban-rural groups 

pr ior i ty level 

low sulfur coal character is t ic 

scrubber character is t ic 

e . AQCR Groips 

Card 1 

for each 
AQCR group 

(1316) 

number of AQCR groups 

priority level 

low sulfur coal characteristic 

scrubber characteristic 

Card 2 (8A4) 

AQCR list of AQCR numbers in each group except the 
last (limit of 8 AQCRs in each group) 

All AQCRs not mentioned in one of the groips 
will be included in the last groip. 
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2. Low Sulfur Coal Cost and Sipply Data 

For ip to 3 types of LSC in order of increasing cost. 

Card 1 (6F6.0) (If this card is blank, proceed directly to scrubber 
sipply data.) 

production cost in $/ton 

cost escalation factor for production; percent of real 
cost increase each year 

transportation cost in $/ton-mile 

cost escalation for transportation 

Btu content -- Btu/lb 

sulfur content; percent sulfur 

Card 2 (16, F6.0 16, F6.0) 

1-6 ISRT type of sipply relationship 

1 = supply given year by year 
2 = increase by percent of previous available sipply 
3 = increase by percent of previous demand 

Col. 

1-6 

7-12 

13-18 

19-24 

25-30 

31-36 

CMINE 

ESFACM 

CTRANS 

ESFACT 

BTULSC 

SULLSC 

7-12 SPER 

13-18 lYRLS 

19-24 SUPLSI 

percent increase for types 2 or 3 

initial year of availability 

initial supply (M-tons) 

Card 3 (10F6.0) Needed only if ISRT = 1 

1-60 SUPLSY sipply (M-tons) for each year after the initial year 
until the end of the study period 



Col. 
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3. Scrubber Supply Data 

Card 1 (16, F6.0, 16, 2F6.0 516) Supply is cumulative and includes 
all scrubbers installed or available 

1-6 

7-12 

13-18 

19-24 

25-30 

31-60 

SPERS 

lYRS 

SUPSI 

ESFSC 

STYPE 

ISRTS type of supply relationship 

1 = sipply given year by year 
2 = increase in percent of available sipply 
3 = increase in percent of previous demand 

percent increase for types 2 or 3 

initial year of availability 

initial sipply (Nfcf) 

cost escalation factor (percent) 

STYPE (I) types of scrubbers considered (up to 5 used) -- if more 
than one is considered, the minimum cost scrubber will 
be used for each plant 

1 = limestone 3 = MgO 5 = caustic 
2 = lime 4 = caustic, with thermal regulator 

1-60 

Card 2 (10F6.0) Needed only if IRSTS = 1 

SUPSC sipply (Mw) for each year after the initial year until 
the end of the study period 
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4. Strategy Data 

Col. 

1-6 

7-12 

13-18 

SYR 

STAND 

KIND 

19-24 

25-30 

34-36 

42 

43-48 

49-54 

55-60 

STA 

SAQ 

SCOUN 

SUR 

SCMIN 

SCMAX 

SAMIN 

61-66 

Card 1 (16) 

NSTRAT number of strategies for which cards follow 

Card type 2 (16, F6.0, 316, 3X, A3, 5X, Al, 4F6.0) 

Strategy cards must be in chronologial order 

year in which strategy is applied 

air quality standard (units depend on KIND) 

kind of units for standard 

1 = standard on primary emissions in lb SO2/Btuxl0 6) 

2 = standard on primary emissions in lb S02/day 
3 = standard on concentration in yg/m^ 
4 = standard to be calculated 

state number if strategy applies to a particular state 

number of AQCRs to be specified in following card for 
strategy 

county abbreviation if strategy applied to a particular 
county 

a letter U or R if strategy applies to urban or rural 
plants 

minimum capacity of plants to which strategy applies 

maximum capacity of plants to vdiich strategy applies 

minimum of average year \Aien plant was built to which 
strategy applies 

maximum of average year built SAMAX 

Card type 3(I0(3X, A3)) Needed only if strategy applies to particular 
AQCRs. Directly follows applicable strategy. 

4-6 AQS 
10-12, 
16-18, 
22-24, etc. 

AQCR numbers to which strategy applies (as designated by 
SAQ) 

file:///Aien
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Plant and Boiler Data 

Col. 

1-12 

13-23 

24-25 

26 

27-29 

30-32 

33-35 

37 

38 

NAME 

CODE 

STATE 

URBAN 

AQCR 

COUNTY 

DAT 

EXIST 

MINEMO 

Cards are read from unit 8 instead of the regular card input on 
unit 5. Cards may be placed on disk or tape, or may be preceded 
by //FT08F001 DD * in the regular card input stream. Input data 
for each plant includes a plant card and corresponding boiler 
cards. After all plants are specified, a blank card follows. 
Cards of additional plant data for each plant are then included. 

Card type 1 (Plant Card) (4A4, 12, IX, 14, 12. Al, 2A3, 212, 211, 
F6.1, F8.I, F5.1, F8.5, F5.1, 313, II) 

name of plant (12 characters) 

FPC code number for the plant 

s tate index number 

the l e t t e r U or R to indicate an urban or rural plant 

3-digit AQCR number 

3-character county abbreviation 

month and year in which plant was bu i l t ; 2-digit month, 
2-digit year (month may be omitted) 

1 = plant exists in i n i t i a l study year, blank otherwise 

mine-mouth indicator 

1 = in coal producing area 
2 = in coal producing county 
3 = mine-mouth plant 
blank otherwise 

to ta l plant capacity (>k) 

to ta l plant output (kwhrxlO )̂ 

plant u t i l i za t ion rate (percent) 

to ta l Btu input from a l l fuel for i n i t i a l year in BtuxlO 

sulfur percent of coal used in i n i t i a l study year 

percent of Btu input from coal 

percent of Btu input from oi l 

percent of Btu input from gas 

number of boi ler cards following th is plant card 

39-44 

45-52 

53-57 

58-65 

66-70 

71-73 

74-76 

77-79 

80 

CAPACY 

OUTPUT 

UTIL 

BTUI 

SULPH 

COAL 

OIL 

GAS 

ADD 

13 



Col. 

13-23 

33-36 

39-44 

53-57 

11 

75 

78 

80 

BCODE 

DATE 

BCAP 

BUTIL 

DCOAL 

DOIL 

DGAS 

WET 

1.10 

Card type 2 - (Boiler Card) - (20X, 13, 9X, 12, 12, 2X, F6.1, 8X, 
^^ F5.1, 13X, 3A3, II) 

FPC code with last two digits changed to identify 
boiler 

month and year in which boiler was built or retired 

boiler capacity (Mw); a negative capacity is used to 
indicate retirement 

boiler utilization rate (percent) 

X if boiler is designed for coal use 

X if boiler is designed for oil use 

X if boiler is designed for natural gas use 

1 = wet bottom boiler 
0 = dry bottom boiler 

After all plant and boiler data a blank card is needed 

Card type 3 (additional plant data) 
(12X, A4, 12, IX, 14, IX, 2F6.0, 16, F6.3, F8.0) 

13-23 CODE FPC code number 

25-30 HSCOST current cost of coal, termed 'high sulfur coal ' in 
ijr/BtuxlO 6 

31-36 BTULB Btu content of coal Btu/lb 

37-42 MILES miles from plant to low sulfur coal mines 

43-48 ECRAT concentration - emission ra t io 

49-56 FLGRT flue gas rate (scfm) 

/ j J g / m i ^ 
\ ton/day/ 
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I.C SAMPLE PROBLEM 

The sample problem corresponds to run number 10 in T^pendix V. 

following input specifications are used: 

The 

1. Plants are grouped only by age. 

2. All 3 types of LSC are used; the supply of types 1 and 3 grows with demand 
and the supply of type 2 is given year by year. 

3. Scrubber supply grows with demand. 

4. Strategies are specified by state according to the State Implementation 
Plan (SIP). New plants are under New Source Performance Standards (NSPS). 
A standard of 1.21 is used in Ohio because the 1.0 SIP standard is not 
attainable with the LSC used (8300 Btu/lb, .51 sulfur). 

a. Input Listing for Sanple Problem 

The input cards for the regular card input, FT05F001, are listed here. 
The first 6 cards, of which 4 are blank, are the Groip Data as defined 
in the previous section (1.2). The next 7 cards are the LSC Cost and 
Supply Data. The Scrubber Supply Data takes only one card and the 
remainder of the cards (16) constitute the Strategy Data. 

//GO.SYSIN DD * 

1 2 2 
73.9 

2.31 4. it 
3 25. 

3. U7 u.a 

2 . 0 
P . 5 9 

3 
3 

15 
75 
75 
75 
7 5 

065 
75 
75 
75 
75 
75 
75 
75 
75 
75 
78 
7B 

t . O 
3 . " 

5 0 . 0 
2 1 5 . 0 

1 . 2 1 
2 . 1 

2 9 0 . T 
1 . P 

On7 
6 . d 
0 . 0 

7.on.r> 
fi.o 
3.7 

?90.n 
2.1* 
'4 . 0 

1 . 2 1 
2 . 1 
1 . 6 

, 00f,5 
75 

, 00 f i5 
75 

•'..0 
, 0055 

77 
75 

0 7 ' 

3. 
1 2 . 2 

3 . 
1 .0 

"3. 0 
f . 
6 . 0 
•3 HO. 

f3.3on. 

M.3no. 

1 0 . 0 
122f^a 

1 2 . n 
, . 6 

1 U . 0 

13 

1 ^ 

1 3 

m 

l»9 
22 
22 
22 
35 
35 
22 
22 

5 0 . 
OC. 
5 0 . 
• ^ 0 . 

no. 

5 0 . 
0 0 . 
on. 
5 0 . 
5 0 . 
0 0 . 
2 5 . 
0 0 , 
5 0 . 

5 0 0 0 . 
5 0 . 
5 0 0 0 . 
5 0 0 0 . 

5 0 . 

5 0 0 0 . 
5 0 . 
5 0 . 
5 0 0 0 . 
5 0 0 0 . 
2 5 . 
5 0 0 0 . 
5 0 . 
5 0 0 0 . 

7 4 . 
7 U . 
0 0 . 
0 0 . 

0 0 . 
0 0 . 
0 0 . 
0 0 . 
00. 
0 0 . 
7 0 . 
0 0 . 
0 0 . 
0 0 . 
7 0 . 

82 
82 
71* 

in 

7'I 
lu 
71» 

7M 
7U 
70 
714 

714 

7'4 
7« 
7'4 
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b. Plant Data Base Input 

A sample of the plant data is shown in Table I.l. The entire data 
base consists of nearly 200 plants and is usually read in from tape 
or disk on Unit 8 (FT08F001). It can be entered on cards if the 
regular input is ended with a /* card, followed by a //FT08F001 DD * 
card and then by the plant data. Any plants in the data base that 
do not use enou^ coal (21) or are retired completely in the first 
half of the stu^' period are eliminated by the program. 

c. Output for Sample Problem (see pp I.14-I.23) 

The group and priority definitions and the strategy input are printed, 
with some annotation, in the first section of the output. 

After the plants have been analyzed for missing data and for inclusion 
in the study, projections are made for the duration of the study period. 
The total capacity and Btu input of coal needed are printed for each 
year (1971-1982). 

The next section lists all plants that come under a type 3 emission 
standard (yg/m^) after their standard has been converted to IbjSO /BtuxlO^. 
These are listed in the year that the standard first applies so they may 
be interspersed with the next section. 

As the simulation is done year by year, the supply and demand parameters 
are printed. The supply of LSC is given in one line with the 3 numbers 
referring to type 1, type 2, and type 3, respectively. 

After the simulation is acconplished, the results are summarized in 
several tables. Parts of these tables have been removed in this listing. 

d. Optional Output (see pp I.24-1.26) 

During the year-by-year simulation, the assignment and costs for each 
plant can be printed. The plants are listed in the order they are 
encountered according to the priority scheme. This order may change 
from year to year since the air quality standards and the priority are 
reassigned each year. Costs are calculated and printed for both LSC 
and scrubbers unless a scrubber has previously been assigned or unless 
a plant is in compliance without using LSC or scrubbers. 

This output is quite long and only a sample of it is listed here. The 
annotation provided should be sufficient to explain what is being printed. 
Because of the length of this output, it is printed on a separate unit 
from the regular output. It can be obtained by including a control card: 
//FT09F001 DD SYSOUT=A. If this output is not needed, a card of the 
form //FT09F001 DD DUNWY must be included in the job control language 
(JCL) statements. 
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Table I . l . Sample Plant Data Base Input 

NA^E CODE LOCATION CAP . armrr BTUIN SULF FUEL MIX 

CHRDIMUl 0 7 1 0 0 0 - 0 1 0 0 3 b n i 8 1 J E F 1 
0 7 1 0 0 0 - 0 1 0 1 67 
0 7 1 0 0 0 - 0 1 1 0 1076 

CLEV LAKE RD071 00 0 -020035U1 711CUY 1 
COIUHBUS 0 7 1 0 0 0 - 0 3 0 0 3 5 U 1 7 6 F B * 1 

0 7 1 0 0 0 - 0 3 0 0 01714 
071000 -O l l 0035R183Tns 1 

21230.56207.0 
1230.5 
615.0 

DOVER 
E. P A L E S T I N E 0 7 1 0 0 0 - 0 5 0 0 3 5 H 1 8 1 C O L 1 
C E L I N * 071000-060035R177I1ER 1 

0 7 1 0 0 0 - 0 6 0 0 0672 
0 7 1 0 0 0 - 0 6 1 0 0180 
071000-070035R177HEN 1 
071000-080035H130HOR 1 
071000 -090035R175WAI 1 
0 7 1 0 0 0 - 0 9 1 0 0672 
0 7 1 0 0 0 - 0 9 2 0 0677 
0 7 1 0 0 0 - 0 9 3 0 0582 

P1 INES7ILLE 0 7 1 0 0 0 - i n 0 3 5 U 1 7 l t L i K 1 
0 7 1 0 0 0 - 1 1 1 0 0 7 7 * 
071000-120035U079HAH 1 
071000-130035R177AOG 1 
071000-1110035U175RIC 1 
0 7 1 0 0 0 - 1 U 1 0 0672 
0 7 1 0 0 0 - 1 5 0 0 3 5 1081 
078500-010013R075nOI I 1 
0 7 8 5 0 0 - 0 1 0 1 65 
0 7 8 5 0 0 - 0 1 1 0 0672 

GRAND TOHER 0 7 8 5 0 0 - 0 2 0 0 1 3R07I4JAC 1 
0 7 8 5 0 0 - 0 2 0 1 21 
0 7 8 5 0 0 - 0 2 0 2 50 
0 7 8 5 0 0 - 0 2 0 3 58 
0 7 8 5 0 0 - 0 2 0 1 0672 

1 A P 0 L E 0 N 
>IORHALK 
VINE ST 

READING 
ST BARYS 
SHELBY 

BCKYE PUR 
COPFEEN 

1 6 0 . 0 
U l t .5 
- 1 9 . 5 

2 3 5 . 9 
2 1 5 . 5 

2 5 . 0 
- 1 2 . 5 
2 0 . 0 
2 3 . 5 

HDTSONVILLE 078500-030013R07l tCRA 1 
0 7 8 5 0 0 - 0 3 0 1 11 
0 7 8 5 0 0 - 0 3 0 2 5U 

HEREDOSIA 0 7 8 5 0 0 - 0 4 0 0 1 3 R 0 7 5 l n R 1 
078500-01)01 19 
078500-01)02 50 
0 7 8 5 0 0 - 0 4 2 0 0U75 

NEHTON 0 7 a 5 0 0 - 0 5 0 0 1 3 R 0 7 4 J A S 0 3 7 7 
0 7 8 5 0 0 - 0 5 1 0 OUeO 
0 7 8 5 0 0 - 0 5 2 0 0482 

EDUARDS 079000-010013U065PEO 1 
0 7 9 0 0 0 - 0 1 0 1 60 
0 7 9 0 0 0 - 0 1 0 2 58 
0 7 9 0 0 0 - 0 1 1 0 0672 

KETSTOSE 

ASHTABOLA 

079000-020013U055PEO 1 
0 7 9 0 0 0 - 0 2 0 1 47 
0 7 9 0 0 0 - 0 2 0 2 56 
0 7 9 0 0 0 - 0 2 0 3 67 
079000 -040013U055TAZ 1 
0 7 9 0 0 0 - 0 4 0 1 25 
0 7 9 0 0 0 - 0 4 0 2 40 
0 7 9 0 0 0 - 0 4 0 3 49 
0 7 9 0 0 0 - 0 4 0 4 52 
0 7 9 0 0 0 - 0 4 0 5 58 
0 7 9 0 0 0 - 0 4 0 0 0572 
079 00 0 -050 013R065FUL0176 
0 7 9 0 0 0 - 0 5 1 0 0580 
104000-010035R178ASH 1 
1 0 4 0 0 0 - 0 1 0 1 31 

31 
44 
19 
25 
44 
38 
2 5 . 0 
1 5 . 3 
2 2 . 6 
2 7 . 5 
1 2 . 5 
6 0 0 . 0 

3388.9 
388.9 
616.5 

1 2 3 2 . 5 
5 0 . 0 
6 9 . 0 
1 1 3 . 5 
- 5 0 . 0 

1 2 1 2 . 5 
6 2 . 5 
1 5 0 . 0 

1 3 5 4 . 4 
1 1 5 . 0 
2 3 9 . 4 
2 0 0 . 0 
5 0 0 . 0 
6 0 0 . 0 
6 0 0 . 0 

2 3 8 6 . 0 
1 2 6 . 2 
2 5 9 . 8 
3 5 0 . 0 

2 5 4 . 4 
1 5 . 6 
3 1 . 3 
7 . 5 

1 3 4 9 . 3 
4 4 . 4 
6 5 . 2 
4 0 . 2 
8 5 . 9 
1 1 3 . 6 
- 2 6 . 4 

2 4 0 0 . 0 
4 0 0 . 0 
4 5 6 . 0 
2 0 0 . 0 

3 9 4 . 4 
126 . 1 

1 1 3 . 4 

1 1 1 . 4 

4 3 . 2 
2 9 . 8 
6 2 . 3 

8 8 4 . 8 

2 3 5 2 . 7 

1 3 8 8 . 3 

5.5875 2 .94 

0 . 5 7 3 3 
0 . 2 5 7 8 

0.1218 
0.0756 
0.0556 

0.0975 
0.1141 
0.1891 

0.1980 

0.0845 
0.0537 
0.1008 

50.4 

1. 1032 
1.28 
60.3 
85.7 

23. 1 
66. 1 

1.7515 3.54 
36.9 
82.7 

2.2460 2.83 
71.0 
76.0 

0.1152 2.86 
17.4 
32.9 
51.5 

01.2 
39.6 
32.9 
54.3 
60.2 

99 
I 
I 
98 
32 
I 

100 
100 
100 

1 2 
0 

2 
2 661 

X 

100 
99 
96 
X 
X 

100 
X 

100 
98 
100 
I 

.48 100 
X 
X 

.38 100 
X 
X 
X 
X 

.30 100 
I 
X 
100 
I 
I 

100 
X 
X 

99 
I 
X 
X 
34 
X 

1898.5 

1.5743 3.04 71 

X 
X 
X 
X 
X 

100 
I 

2.0954 3.27 100 
19.4 X 

43 

3 
1 
1 

663 
0 

X 0 
X 0 
296 
I 0 
X 0 

0 
0 
0 



OUTPUT FOR SAMPLh PROBLEM ( I . C ) 

PLANTS ftRE GROUPED 
AND HATING AGE 

» YEAS STANDAPD 
1 75 0 . 1 2 1 0 E 
2 75 O.2U0OE 
3 75 0 . 2 9 0 0 E 
^ 75 O.ISOOE 

AQCR LIST Ofi5 
5 75 0 . 6 0 0 0 E 
6 75 0 . 0 
7 75 0 . 2 9 0 0 E 
8 75 0 . 6 0 0 0 E 
9 75 0 . 3 2 0 0 E 

10 75 0 . 2 9 0 0 E 
n 75 0 . 2 1 0 0 E 
12 75 O.HOOOE 
13 75 0 . 1 2 1 0 E 
m 78 0.2aOOF 
15 78 0 . 1 6 0 0 E 

0 1 
0 1 
0 3 
0 1 

0 1 

0 3 
0 1 
0 1 
0 3 
0 1 
0 1 
0 1 
0 1 
0 1 

BY AGE 
L I 1 I T S 

TYPE STATE 
1 0 
1 0 
3 13 
1 13 

067 070 
1 13 
n ^n 
3 14 9 
1 H9 
1 22 
3 22 
1 22 
1 35 
1 35 
1 22 
1 22 

HDHBEB O P P L A I T S I N SICSTEM I N 

TOTAL COAL FIRED CAPACITY ( 
5 6 « 0 3 . a i 
7 6 7 7 3 . 2' 

TOTAL COAL DE.1AND ( 10 TO 13 
2 7 7 . 0 6 
a 0 5 . 1 6 

COFPFEV 
GRAND TOiEB 
H O T S O ^ V ^ L L E 
MEBEDOSIA 
EDHABDS 
WALLACE 
FISK 
CPASPOBD 
DIXON 
J O L I E T 
KIHCAID 
POHEBTON 
SABROOKR 
HAUKEGAN 
HILL CO. 
JOPPA 
NARION 
RA7ANA 
H E B N E P I N 
VE8HILI0K 
HOOD BITER 
BALDWIN 11 
DALLriAN 
LAKESIDE 
CAHOKIA 
7EKICE 12 
U OF ILL 
ALHA 
GENOA 13 
STONEflAN 
B L O O N T ST. 
BAY FRONT 
HANITOHOC 
N. OAK CPEEK 

AQ 
AQ 
AO 

AO 

6 0 
AQ 
AQ 

AQ 

AO 
AQ 

AQ 

AQ 
AQ 
AQ 
AQ 

AQ 

AQ 
AQ 

AQ 
AQ 
AO 
AQ 

AQ 
AQ 
AQ 
AQ 

AQ 

AO 
AQ 
AO 
AQ 
AQ 
AQ 
AQ 

STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDABD 
STANDARD 
STANDARD 
STANDABD 
STANDARD 
STANDARD 
STANDARD 
STANDABD 
STANDARD 
STANDABD 
STANDARD 
STANDARD 
STANDABD 
STANDARD 
STANDARD 
STANDARD 

WITH 2 
7 3 . 9 0 

GROUPS, HAVING PRIORITIES 1 2 

AQCR CODNTY U/B CAPACITY MH 
0 
0 
0 
3 

0 
0 
0 
0 
0 
0 
0 
fl 
0 
0 
0 

FIRST YEAB 
nv) 

59011*.05 
79562 .91* 

BTU) 
2 9 3 . 8 9 
(121.73 

3 . 11*21 
0 . 9 « « 8 
3 . 9 5 6 7 
3 . 5 1 5 5 
6.11774 
6 . 9 2 7 8 
a . 21*82 
3 . 6 8 9 1 
9 . 2 5 0 a 
3 . 2 5 3 5 
« . 5 i a 9 
9 . 8 3 0 3 
9 . 0 0 9 5 
5 . 9 371 
U.76i*a 
3.7fl2U 
6 . 2 2 0 3 
6 . 5 8 8 8 

i a . 0 8 1 U 
1 5 . 2 5 6 9 

6 . 6 6 5 3 
U . 1 2 1 9 
8 .26U9 
1.7381* 
3.1*821* 
2 . 5 0 2 6 

1 1 . 7 1 7 1 
2 ' * .9759 
1 2 . 9 2 1 3 

8 . 6 6 7 7 
6.1* 191* 
8 . 6 0 7 7 
7 . 1 1 5 2 
« . 5«70 

5 0 . 
0 . 

5 0 . 
5 0 . 

0 . 
0 . 

5 0 . 
0 . 
0 . 

5 0 . 
5 0 . 

0 . 
2 5 . 

0 . 
5 0 . 

1 8 0 

5 0 0 0 . 
5 0 . 

5 0 0 0 . 
5 0 0 0 . 

5 0 . 
0 . 

5 0 0 0 . 
5 0 . 
5 0 . 

5 0 0 0 . 
5 0 0 0 . 

2 5 . 

5 0 0 0 . 
5 0 . 

5 0 0 0 . 

6 3 U 3 2 . 9 0 
8 3 3 8 6 . 3 8 

CONC/ENISS 
CONC/EdlSS 
CONC/EniSS 
CONC/EHISS 
CONC/EMISS 
CONC/ENISS 
CONC/ENISS 
CONC/EfllSS 
CONC/EfllSS 
CONC/ENISS 
CONC/ENISS 
CONC/EPIISS 
CONC/EfllSS 
CONC/EPIISS 
CONC/EfllSS 
CONC/EfllSS 
CONC/EfllSS 
COHC/EfllSS 
CONC/EfllSS 
COKC/EflISS 
CONC/EfllSS 
CONC/EfllSS 
CONC/ENISS 
CONC/EfllSS 
CONC/EfllSS 
CONC/EfllSS 
CONC/EHISS 
CONC/EfllSS 
CONC/EfllSS 
CONC/EHISS 
CONC/EfllSS 
CONC/EfllSS 
CONC/EfllSS 
CONC/EHISS 

3 2 1 . 7 0 
« a t t . 9 7 

RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
RATIO 
BATIO 
RATIO 
RATIO 
BATIO 
BATIO 
RATIO 
BATIO 
RATIO 
RATIO 
BATIO 

YEAR BUILT 
7 U . 
7 4 . 

0 . 
0 . 

0 . 
0 . 
0 . 
0 . 
0 . 
0 . 

7 0 . 
0 . 
0 . 
0 . 

7 0 . 

0 . 
1 4 . 

2 . 
2 . 
0 . 
1 . 
1 . 
1 . 

2 . 
0 . 
0 . 
0 . 
1 , 

0 . 
0 . 
0 . 

3 . 
1 . 
0 . 
0 . 
0 . 

0 . 
1 , 

1 1. 
2 . 
1 . 

2 , 
0 . 
0 . 
5 . 
2 . 
3 , 
3 . 

t . 

8 2 . 
8 2 . 
7 4 . 
7 4 . 

7 4 , 
7 4 . 
7 4 . 
7 4 . 
7 4 . 
7 0 . 
7 4 . 
7 4 . 
7 4 . 
7 4 . 
7 4 . 

6 6 0 9 0 . 0 6 
8 7 3 3 5 . 5 6 

3 3 9 . 3 2 
4 6 8 . R 5 

,820 
6 2 1 

, 911 
,139 
, 590 

1 5 4 

, 0 9 7 
. 1 6 3 
, 0 9 1 
. 4 3 1 
, 4 2 8 
, 176 
, 7 3 7 
, 463 
. 4 5 7 
, 6 3 9 
, 5 0 0 
, 4 0 3 
. 6 1 6 
. 8 9 6 
. 6 1 1 
. 424 
, 8 6 3 
. 6 1 1 
. 9 9 7 
, 6 7 4 
. 1 7 2 
. 5 4 8 
. 6 8 3 
. 0 1 0 
.04 8 
. 5 0 0 
. 5 0 0 
. 147 

69481.69 
92244.38 

360.35 
497.97 

73235 .81 
96310.94 

383.65 
522.10 



P T . HASH 
S . OAK CHEEK 
VALLEY 
EDGEHATER 
DEHET 
ROCK R. 
PULLIAfl 
HESTON 
COBB 
KAPN 
CABPBELI 
HEADDOCn 
HHITIfG 
flISTEBSKY 
DE YOONG 
ECKRBT 
OTTAWA 
CONNER CB 
HARBOR REACH 
HABYSVILLE 
R ROUGE 
S T . CLAIB 
TBENTOi CH 
nONBOE 
PBESQUE ISLE 

AQ 
AQ 
AO 
AO 
AO 
AQ 
AQ 
AO 
AO 
AO 
AQ 
AQ 
AO 
AQ 
AQ 
AQ 
AQ 
AO 
AO 
AQ 
AO 
AO 
AO 
AQ 
AQ 

STANDARD 
STANDARD 
STABDAPD 
STANDARD 
STANDABD 
STANDARD 
STANDARD 
STANDAPD 
STANDARD 
STANDARD 
STANDABD 
STANDARD 
STANDABD 
STANDARD 
STANDAPD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDABD 

1 3 . 
5 , 
6 . 
6 , 

1 5 , 
8 . 
3 . 

1 4 . 
5 . 

1 6 . 

n . 
3 , 
6 . 
1 , 
7 . 
2 . 

1 2 . 
2 . 

n . 
2 . 
1 , 

2 . 
4 . 
4 , 

3 . 

.0819 

.3116 
,4 150 
.6690 
.8909 
,9451 
.2306 
,6286 
.8879 
,9489 
,1899 
.5489 
, 1387 
.5369 
.8728 
, 6841 
.6469 
,9721 
.3889 
,b584 
.7813 
.5071 
.9172 
.0561 
.0174 

CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
COHC/EflISS 
CONC/EfllSS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
C0NC/E1ISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 
CONC/EHISS 

RATIO 
BATIO 
RATIO 
BATIO 
RATIO 
RATIO 
PATIO 
PATIO 
BATIO 
PATIO 
RATIO 
PATIO 
RATIO 
RATIO 
BATIO 
RATIO 
RATIO 
RATIO 
BATIO 
BATIO 
BATIO 
BATIO 
BATIO 
BATIO 
RATIO 

0 
0 . 
1 , 
0 , 
0 . 
1 , 
1 . 
1 , 
1 . 
0 . 
0 , 
1 . 
1 . 
7 . 
3 . 
2 , 
1 . 
1 . 
1 . 
3 . 
1 . 
0 , 
0 . 
0 . 
2 . 

. 441 

.448 

.096 

.86 3 

.767 

.907 

. « n 

.242 

.270 

.329 

.408 
,115 
.355 
.809 
.50 0 
.042 
,727 
.495 
,578 
.231 
.106 
.610 
.646 
.177 
,394 

TEAR 1 9 7 5 
SUPPLY LSC MTOHS BY TYPE 0 . 1 2 2 0 E 0 2 0 . l O O O E 0 1 0 . 0 TOTAL O . n 2 0 E 0 2 SUPPLY PGD HH 0 . 8 8 0 0 E 0 3 

TOTAL EXCESS DEHAND POR LSC IN B-TOBS 
EXCESS DEHAND AT LEAST COST 9 8 . 3 5 
TOTAL EXCESS DEKAND FOR SCBUPBFRS IN HH 
EXCESS DEflAND AT LEAST COST 8 3 7 1 . 5 2 

TOTAL OP 1 3 . 2 0 0 HTONS OP LOH SOLPUR COAL USED 
BICBSS SUPPLY HAS 0 . 0 0 0 RTONS 
TOTAL OP 8 7 0 . 7 5 HH OF SCRUBBERS CUBBENTLY INSTALLED 
EXCESS SUPPLY HAS 9 . 2 5 HH 

YEAB 1 9 7 6 
SOPPLY LSC HTONS Bt TYPE 0 . 1 5 2 5 F 02 0 . 2 0 0 0 E 0 1 TO»AL 0 . 1 7 2 5 E 0 2 SUPPLY PGD HH 0 . 2 7 4 3 E 0 4 

TOTAL EXCESS OEHAHD FOP LSC IN H-TONS 1 3 3 . 0 9 
EXCESS DFHAND AT LEAST COST 1 2 1 . 4 1 
TOTAL EXCESS DEHAHO POR SCRUBBERS IN HH 1 7 8 1 7 . 2 9 
EXCESS DEHAND AT LEAST COST 2 4 0 6 . 7 5 

TOTAL OP 1 7 , 2 5 0 HTONS OP LOH SOLPOB COAL USED 
EXCESS SUPPLY HAS 0 . 0 0 0 HTOKS 
TOTAL OP 2 7 3 8 . 3 1 HW OP SCBUBdEPS CURRENTLY INSTALLED 
EXCESS SUPPLY HAS 4 . 5 7 HH 



SUPPLY LSC PlIONS BY TYPE 0 . 1 9 0 6 E 02 0 . 4 0 0 0 E 01 0 . 6 0 0 0 E 01 TOTAL n . 2 9 0 6 E 02 SDPPL!( FGD Pli 0 , 6 7 5 4 E 04 

TOTAL EXCESS DEH^ND FOR LSC IH H-TONS 1 1 8 . 9 3 
EXCESS DEHAND ftT LEAST COST 1 1 8 . 9 3 
TOTAL EXCESS DEflAND FOR SCRUBBERS IN HH 3 3 8 5 4 . 5 2 
EXCESS DEHAND AT LEAST COST 0 . 0 

TOTAL OF 2 9 . 0 6 2 HTONS OP LOH SULFOB COAL USED 
EXCESS SUPPLY HAS 0 . 0 0 1 HTONS 
TOTAL OF 6 7 0 7 . 8 0 "IW OF SCFOPPEPS COPREHTLY INSTALLED 
EXCESS SUPPLY HAS 4 5 - 7 5 HH 

SUPPLY LSC HTONS BY TYPE 0 . 2 3 8 3 E 02 0 . 6 0 0 0 E 01 n . 8 9 9 9 E 01 TOTAL 0 . 3 8 8 3 E 02 SOPPLY FGD HH 0 . 1 5 2 4 E 05 

TOTAL EXCESS DEMAND FCR LSC IN H-TONS 8 6 . 8 4 
EXCESS DEHAND AT LEAST COST 8 6 . 8 4 
TOTAL EXCESS DEHAND FOB SCRUBBERS IN HH 2 5 4 9 6 . 0 7 
EXCESS DEHAND AT LEAST COST 0 . 0 

TOTAL OF 3 8 . 8 2 7 HTORS OF LOH SULFUR COAL DSED 
EXCESS SUPPLY HAS 0 . 0 0 0 HTONS 
TOTAL OF 1 5 2 2 0 . 1 5 HH OF SCRUBBERS CURRENTLY INSTALLED 
EXCESS SUPPLY WAS 2 2 . 0 4 HH 

YEAR 1979 
SUPPLY LSC HTONS BY TYPE 0 . 2 9 7 9 E 02 0 . 8 0 0 0 E 01 0 . 1 3 5 0 E 02 TOTAL 0 . 5 1 2 8 E 02 SOPPLY FGD BH 0 . 3 3 5 2 E 05 

TOTAL EXCESS DEHAND FOR LSC IN H-TONS 7 1 . 2 1 
EXCESS DEHAND AT LEAST COST 7 1 . 2 1 
TOTAL EXCESS DEHAND FOR SCPUBBPBS IN HH 2 1 4 5 0 . 9 9 
EXCESS DPHAND AT LEAST COST 0 . 0 

TOTAL OF 5 1 . 2 8 3 HTONS CF LOH SULFUR COAL USED 
EXCESS SUPPLY i)AS 0 . 0 0 0 HTONS 
TOTAL op 1 8 7 3 1 . 8 6 HH OF SCBOBBEPS CURRENTLY INSTALLED 
EXCESS SUPPLY WAS 1 4 7 8 9 . 8 5 HH 

YEAR 1980 , ^ 
SUPPLY LSC riTONS BY TYPE n . 3 7 2 3 E 02 O.IOOOE 02 0 . 2 0 2 5 E 02 TOTAL n .674f lF 02 SUPPLY FGO HH 0 . 3 3 5 2 E 05 

TOTAL EXCESS DEHAND FOR LSC IN H-TONS 6 7 . 8 4 
EXCESS DEHAND AT LEAST COST 6 7 , 8 4 
TOTAL EXCESS DEHAND FOR SCBUEBERS IN HH 2 0 5 1 6 . 2 3 
EXCESS DEHAND AT LEAST COST 0 . 0 

TOTAL OF 6 7 , 4 7 8 HTONS OF LOW SULFUR COAL DSED 



EXCESS SUPPLY HAS 0 . 0 0 0 HTO'S 
TOTAL OP 1 9 7 1 2 . 3 1 HH OP SCRUBBERS COBBENTLY INSTALLED 
EXCESS SUPPLY HAS 1 3 ^ 0 9 . 4 0 HH 

TKAR 1981 
SOPPLT LSC HTONS BI TYPE 0 . 4 6 5 4 E 02 0 . 1 2 0 0 E 02 0 . 3 0 3 7 E 02 TOTAL 0 . 8 8 9 1 F 02 SUPPLY PGD HH 0 . 3 3 5 2 E 05 

TOTAL EXCESS DEHAND FOP LSC IN H-TONS 6 0 . 7 6 
EXCESS DEHAND AT LEAST COST 6 0 , 7 6 
TOTAL EXCESS DEHAND POR SCRUBBERS IN HH 1 8 4 5 4 . 2 0 
EXCESS DEHAND AT LEAST COST 0 . 0 

TOTAL OP 8 8 . 9 0 8 HTONS OP LOH SULFOB COAL USED 
EXCESS SUPPLY MAS 0 . 0 0 0 HTONS 
TOTAL OP 1 9 7 1 2 . 3 1 MH OF SCBUBBEPS CUBBENTLY INSTALLED 
EXCESS SUPPLY HAS 1 3 8 0 9 . 4 0 flH 

SOPPLY LSC HTONS BY TYPE 0 . 5 8 1 7 E 02 0 . 1 4 0 0 E 02 0 . 4 5 5 5 E 02 TOTAL 0 . 1 1 7 7 E 03 SOPPLY FGD BH 0 . 3 3 5 2 E 05 

TOTAL EXCESS DEHAND POR LSC IN H-TONS 3 6 . 1 1 
EXCESS DEHAND AT LEAST COST 3 6 . 1 1 
TOTAL EXCESS DEHAND FOB SCRUBBERS IN RH 1 1 3 9 4 . 4 1 
EXCESS DEHAND AT LEAST COST 0 . 0 

TOTAL OP 1 1 7 . 7 2 7 HTONS OP LOH SULFOB COAL USED 
EXCESS SOPPLY HAS 0 . 0 0 0 HTONS 
TOTAL OP 1 9 7 3 6 . 5 0 HH OP SCBOBBEBS CURRENTLY INSTALLED 
EXCESS SUPPLY HAS 1 3 7 8 5 . 2 1 HH 



RESPONSE A'JD ANUAL DOLLAB COST OF PLANTS 
0 - - PLANT DOES NOT EXIST 
1 - - BURNS HIGH SULFUR COAL 
2 - - BURNS LOK SULFUR COAL 
3 - - INSTALLS SCRUIiBER 
4 - - CONPLIANCE NO POSSIBLE HITH PRESENT STANDARDS 

PLANT NAHE 1975 1976 1977 

47296976. 49188816. 

CLE? LAKE ED 

E. PALESTINE 

PAINESVILLE 

0 . 

2222037. 

1 
0. 

1 
0. 

1 
0. 

1 
0, 

2800400, 

1 
0. 

1 
0. 

1 
0-

1 
0. 

3278891. 

1 
n. 

1 
0. 

1 
0. 

1 
0, 

3410046. 

3 
2475180, 

1 
0. 

1 
0. 

1 
0. 

3546445. 

3 
2574185. 

1 
0. 

1 
0. 

1 
0. 

3688299. 

3 
2677150. 

1 
0. 

1 
0. 

1 
0, 

4560381 

3 
2784235 

1 
0 

1 
0 

1 
0 

0 , 

2 
14432640, 

0 . 

0 . 144 50416. 15069408. 15389664. 

GRAND TOHER 
0 . 

iUTSONVILLE 



FAIRFIELD 

HIGHLAND 

FIT CARt IRL 

PEIO 

ROCHELLE 

E MELLS ST 

N. OAK CREEK 

P T . WASH 

S. OAK CREEK 

2 
2«58« . 

0 . 

0 . 

2 
3336. 

0 . 

0 . 

0 . 

0 . 

2 
3350. 

0 . 

0 . 

2 
10111. 

16B4866. 

1 
0. 

1 
0. 

1587808. 

3 
3300691. 

1 
0. 

1607808. 

3 
3132716. 

1 
0. 

135771«, 

3 
3570022. 

1 
0. 

5810208. 

3 
3712821. 

1 
0. 

7228080. 

3 
3861332. 

1 
0. 

2 
29676 . 

0 . 

0 . 

580. 

0. 

0. 

0. 

360. 

1782. 

8699952. 

1 
0. 

1 
0. 

1 
0. 

2 
8057300. 

3 
0 176011. 

TOTAL COST , 1 . -LL.RS.^OF - ^ 4 - - ; , " « S ; ; ; , - - f " ^ / . ^ o ' - . / ^^^ lo l " , , ! ! ; ! " " , r 2 . . 2 8 . . ,0660„.88. ,2.2.5,392. 



BESPONSE AND COST IN HILS/KHHP FOB PLANTS 
0 -- PLAKT DOES NOT EXIST 
1 -- BDBNS HIGH SULFUR COAL 
2 -- BURNS LOH SULFUR COAL 
3 — INSTALLS SCRUBBER 
4 -- CONPLIANCE NO POSSIBLE HITS PRESENT STANDARDS 

PLANT NAH5 1975 1976 1977 197 

CIEV LAKE BD 

E. PALESTINE 

aCKYE PHR 

GRAND TOHER 

HUTSONVILLE 

1 
0 .0 

1 3 - 3 3 3 
0.0 I t . 2 7 2 4 . 4 4 3 4 . 6 2 0 4 . 8 0 5 

0.0 0 .0 0.0 0 ,0 

1 
0.0 

1 
0 .0 

NAPOLEON 1 1 1 1 1 ' ' „ „ 
0 , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

NOBHALK ' ' 1 ' ^ ^ ^ ^ « \ 
0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

VINE ST 1 3 3 3 3 3 3 3 
0 ,0 9.944 9.711 9.795 10.187 10.595 11.018 10.157 

PAINESVILLE 1 1 1 1 3 3 3 3 
0.0 0 ,0 0.0 0.0 12.721 13.230 13-759 14.310 

BEADING 1 1 ^ ' ' ^ ' „ V 
0 , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

ST HARYS 1 1 1 1 1 1 1 1 
0 , 0 0 .0 0 .0 0.0 0 .0 0 .0 0 .0 0 .0 

0 . 0 0 ,0 0.0 n.o 0 ,0 0 ,0 0 .0 0 ,0 

0 0 0 0 0 0 2 2 
0 ,0 0 .0 0 .0 0.0 o .n 0 .0 3 .327 2 .511 

2 1 1 1 2 1 2 2 
2 .708 0 .0 0.0 0.0 2 -711 0 ,0 2 .823 2 .888 

1 4 4 4 4 4 4 4 4 
0 . 0 0 , 0 o . o 0 . 0 0 . 0 n . o 0 , 0 0 . 0 

1 3 3 3 3 3 3 3 
0 . 7 8 7 0 . 8 1 8 0 . 8 5 1 0 . 8 8 5 0 , 9 2 0 0 . 9 5 7 0 . 9 9 5 1 . 0 3 5 



HINNETKA 

FAIRFIELD 

HIGBIAKD 

HT CARHEL 

PBRD 

ROCHELLE 

B HELLS ST 

H. OAK CREEK 

PT. HASH 

1 
0 . 0 

1 
0 . 0 

2 
1,036 

0 . 0 

1 
0 . 0 

1 
0 , 0 

1 
0 .0 

1 
0 .0 

1 

1 
0 . 0 

1 
0 .0 

1 
0 .0 

1 
0 . 0 

1 
0 . 0 

1 
0 . 0 

2 
0 . 119 

1 
0 .0 

1 

1 
0 .0 

1 
0 .0 

1 
0.0 

1 
0.0 

1 
0 ,0 

1 
0 .0 

2 
0.120 

1 
0-0 

1 

1 
0 .0 

1 
0 .0 

1 
0 .0 

1 
o.c 

1 
0 .0 

2 
0 . 348 

1 
0.0 

1 
0.0 

1 

1 

0 . 0 

1 
0 .0 

1 
0 .0 

1 
0 . 0 

1 
0 .0 

1 
0 .0 

1 
0 .0 

1 
0 ,0 

1 

MESTOH 

0 .0 0 .0 0 . 0 

1 1 1 
0 .0 0 .0 0 . 0 

1 1 1 
0 .0 0 .0 0 .0 

0 .0 0 .0 

S. OAK CREEK 1 1 
0 .0 0 .0 

0 . 0 1.589 1.653 

1 1 ' 
0 .0 0 .0 0 .0 

2 2 
1.618 1 . 1 . 2 

0 . 0 0 .0 0 .0 0.0 0 .0 u.u 

UFP TIB 0 0 0 0 2 2 

0 . 0 0 . 0 0 .0 0 .0 1.290 1.087 

" " " • " " o.'o o.'o o.'o o.'o o.'o o!o olo o.'o 

" " " o.'o O.'o o.'o o!o o!o o.'o o.'o 0.0 

'°" »• o.'o o!o o!o o.'o o.'o olo olo o!o 

" • • " " " " o!586 K 0 3 6 l ' o . 2 o!795 0^839 i f o . . K 1 5 3 1 . 1 6 . 

PULLIAH 1 ' , | ^ j 3 , _ ' , „ , ' , a e 1.859 1.933 2 .011 

AVERAGE COST , 1 . " •^S/K.HR, OF t ^ ^ ^ " ^ - - ' " ' ^OAL A.D SC.OB.E.S^PO. ALL P L . - T S ^ I . T H . » . « 0 . ^_^^^ ^^^^ 



PLANTS WHICH ARE NOT IN COHPLIANCE HITH AIR QUALITY STANDARDS 
HITH YEARS OF NCN-COHPL IANCE INDICATED 

PLANT NAHE 1 9 7 5 1 9 7 6 1 9 7 7 19 

CARDINAL 
CLEV LAKE RD 
COLUHflUS 
DOVER 
e . PALESTINE 
CELTNA 
NAPOLEON 
SOBSALK 
VINE ST 
PAINESVILLE 
BEADING 
ST HA3YS 
SHELBY 
COPFEEN 
GRAND TOHER 
HEBEDOSIA 
EDHABDS 
HALLACE 
JSHTAHOLA 
AVON 
EAST LAKE 
LAKESHOPE 
COBESVILLE 
PICHAY 
POSTON 
STATE LINE 
PISK 
CBAHPORif 
JOLIET 
KINCAID 
POHEPTON 
HAUKEGAN 
HILL CO. 
HISTERSKY 
COLDHATER 
GLADSTONE 
HARBOR I S 
SHIBAS 
BAYSIDE 
ADVANCE 
JOPPA 
HARIPN 
PEARL 
HATT5 
CBAHfOPDSVLP 
PT HAYNE 
PRANKPORD 
JASPER 
LOGANSPORT 
PERU 
a i C H H O N D 
HASHINGTON 
8AVANA 
HOOD RIVER 
BALDHIN t l 
CLIFTY CR. 
BREED 



T A N N E B S CP 
T H I N BRANCH 
STOUT 
P R I T C H A R D 
PEPRY 
P E T E R S B U R G 
ECKEBT 
R I C H L A N D 
B A I L L I 
fllTCHELL 
HICH C I T I 
SCHAHPBR 
EDGEHATEB 
GOBGE 
HAD RIVER 
M I L E S 
EIIRGER 
S A H H I S 
NUSKIKGDH 
P H I L O 
T I D D 
RYGER CR 
P I O U A 
D R E S S E R 
E D H A B D S P O B T 
N O B L E S V T L L E 
GALI.AGHEB 
HABASH RIVER 
CAYUGA 
CULLEY 
L A K E S I D E 
H I A H I F T 
B E C K J O B D 
T A I T 
H U T C H I N G S 
S T U A R T 
CONNER CR 
H A B Y S V I L L E 
R RODGE 
S T . C L A I R 
HON ROE 
ACHE 
BAY SHORE 
CAHOKIA 
V E N I C E 1 2 
e S C A N A B A 

TOTAL C A P A C I T Y ( I N HEGAHATTS) OP ALL PLANTS I N THE B E G I O 
WHICH ARE I N C O H P L I A N C E HITH A I B Q U A L I T Y S T A N D A R D S 

1 4 7 8 1 . 0 7 1 7 9 3 2 , 1 1 2 7 6 9 3 . 9 3 

TOTAL C A P A C I T Y ( t K HEGAHATTS) OP ALL PLANTS IN THE R E G I O N 
WarCH ARE NOT IN C O H P L I A N C F HITH A I B QUALITY S T i l D A R D S 

5 4 6 9 8 . 6 2 5 5 3 0 3 , 7 1 4 9 0 7 9 . 3 2 3 4 9 1 9 . 9 4 



d . OPTIONAL OOTPUr ( I . C ) 

WARRICK 4 5 2 0 0 5 0 0 
SCRUBBEF( 1) CAP COST PER KM 4 5 . 2 7 9 7 ANNUAL COST PRB KW 1 8 . 9 9 1 4 

S H A N D L I N G 0 . 8 0 5 7 8 6 E 01 0 6 H O . 2 9 9 9 6 5 E 01 CAP C H G 0 . 7 9 2 3 9 U E 01 $ PER K» 
ANNDAL CAPACITY FACTOR 0 . 7 9 3 SYSTEM PENALTY 1 . 2 1 HILS KHHH 
ANNUAL FGD COST 0 . 2 3 8 1 2 9 E 08 HILS KWHB 1 . 6 8 4 3 DOLLARS PER KB 3 2 . 5 3 1 3 SIZE HB 6 9 6 . 9 1 8 
ANNUAL FGD • HSC COST O.U231t87E 08 BILS RUHR 8 . 3 3 0 5 
* * * * * WAERICK * * * * * ) I S ASSIGNED A SCRUBBER OF 6 9 6 . 9 1 8 fid III YEAH 7 6 

TORONTO 3 5 4 5 0 6 0 0 
SCROBBEH( 1) CAP COST PER K» 6 5 . 2 3 1 4 ANNOAL COST PER KH 2 7 . 4 6 3 7 

S H i N D L I N G 0 . 3 7 4 1 5 4 E 01 0 6 1 1 0 . 3 5 0 0 4 7E 01 CAP C H G 0 . 2 0 2 2 1 7 E 0 2 $ PER KB 
ANNUAL CAPACITY FACTOR 0 . 4 5 4 SYSTEB PENALTY 1 . 8 5 MILS KBHR 
ANNOAL FGD COST 0 . 6 5 3 3 7 5 E 07 n i L S KBHR 9 . 3 4 7 3 DOLLARS PER KB 3 7 . 1 6 5 8 S I Z E HM 1 4 8 . 8 3 7 
ANNDAL FGD • HSC COST 0 . 1 1 0 2 7 9 E 0 8 HILS KMHR 1 5 . 7 7 6 7 
* * * * * TORONTO * * * * * ) I S ASSIGNED A SCRUBBER OF 1 4 8 . 8 3 7 HB IN YEAH 7 6 

HDTSONVILLE 0 7 8 5 0 3 0 0 
SCRUBBER( 1) CAP COST PER KB 5 8 . 3 3 3 4 ANNUAL COST PER KB 1 5 . 7 5 7 1 

S H A N D L I N G 0 . 2 U 1 0 4 3 E 01 O 6 H 0 . 3 1 3 8 3 3 E 01 CAP C H G 0 . 1 0 2 0 8 3 E 0 2 $ PER KM 
ANNUAL.CAPACITY FACTOR 0 . 4 7 5 SYSIEH PENALTY 1 . 8 5 BILS KBHR 
ANNDAL FGD COST 0 . 7 2 3 8 3 4 E 0 6 HILS KBHR 0 . 8 1 8 1 DOLLABS PER KB 3 . 4 0 6 3 S I Z E HM 2 5 . 0 0 0 
ANNOAL FGD • HSC COST 0 . 6 2 8 5 5 9 E 07 BILS KBHR 7 . 1 0 4 0 
* * * * * HDTSONVILLE * * * * * ) I S ASSIGNED A SCRUBBER OF 2 5 . 0 0 0 BB IN YEAH 7 6 

GAVIN 3 5 5 0 0 7 0 0 
CURRENT HSC CENTS HBTU 0 . 5 7 5 8 E 0 2 DEflAND LSC HTONS 0 . 9 2 5 2 E 01 0 . 9 2 5 2 E 01 0 . 6 0 3 6 E 0 1 
LSC FDEL CENTS HBTU 8 0 . 5 5 9 8 HILS KBHR 7 . 2 5 0 4 
ANNUAL CAPACITY FACTOR 0 . 7 5 0 SYSTEB PENALTY 0 . 3 9 HILS KBHR 
LSC • HSC FOEL CENTS HBTU 8 0 . 5 3 5 7 HILS KBHR 7 . 2 4 8 3 ANNDAL DOLLARS 0 . 1 2 3 8 1 5 E 0 9 
CONVERSION COST 0 . 0 ANNUALIZED 0 . 0 
ANNDAL TOTAL COST 0 . 1 3 0 4 6 0 E 0 9 BILS KBHR 7 . 6 3 7 3 
SCRUBBER( 1) CAP COST PER KB 3 1 . 3 3 1 6 ANNUAL COST PER 

S H A N D L I N G 0 . 5 9 5 2 5 8 E 01 O 6 B 0 . 1 8 4 8 9 4 E 01 CAP C H G 0 . 5 4 8 3 0 2 E 
ANNUAL CAPACITY FACTOR 0 . 7 5 0 SYSTEH PENALTY 1 . 
ANNUAL PGD COST 0 . 6 4 8 9 6 6 E 0 8 HILS KBHR 3 . 7 9 9 1 
ANNOAL FGD • HSC COST 0 . 1 5 3 4 2 5 E 0 9 HILS KBHR 8 . 9 8 1 7 
* * * * * GAVIN * * * * * I S ASSIGNED TO BURN 9 . 2 5 2 H-TONS 

GIBSON 4 0 4 5 0 1 1 0 0 
CORBENT HSC CENTS HBTU 0 . 5 7 5 a E 0 2 DEBAND LSC HTONS 0 . 4 0 4 8 E 01 0 . 4 0 4 8 E 01 0 . 2 6 4 1 E 0 1 

KB 1 3 . 2 8 4 5 
01 $ PER KB 
2 4 NILS KBHR 

DOLLARS PER KB 2 4 . 9 6 0 2 S I Z E HB 

OF TYPE 1 LOB SULFUR COAL IN YEAR 

2 4 7 7 . 2 0 8 

7 6 



LSC FUEL CENTS HBTO 7 3 . 2 2 2 7 HILS KBHR 5 . 5 9 0 0 
ANNOAL CAPACITY FACTOR 0 . 7 5 0 SYSTEB PENALTY 0 . 3 9 HILS KMHR 
LSC » HSC FUEL CENTS HBTO 7 3 . 2 0 6 9 BILS KBHR 6 . 5 8 8 6 ANNUAL DOLLARS 0 . 4 9 2 3 9 2 E 0 8 
CONVERSION COST 0 . 0 ANNUALIZED 0 . 0 
ANNDAL TOTAL COST 0 . 5 2 1 4 5 2 E 0 8 HILS KBHR 6 . 9 7 7 6 
SCHDBBEP( 1) CAP COST PER KB 3 7 . 0 4 6 4 ANNOAL COST PER KB 1 4 . 0 3 5 1 

S H A N D L I N G 0 . 5 2 7 0 3 5 E 0 1 O 6 B 0 . 2 2 8 1 6 6 E 0 1 CAP C H G 0 . 6 4 8 3 1 2 E 0 1 S PER KB 
ANNUAL CAPACITY FACTOR 0 . 7 5 0 SYSTEH PENALTY 1 . 2 4 HILS KBHR 
ANNUAL FGD COST 0 . 2 9 4 5 5 9 E 08 BILS KBHR 3 . 9 4 1 5 DOLLARS PER KB 2 5 . 8 9 5 1 S I Z E BM 1 0 8 3 . 7 7 9 
ANNUAL PGD » HSC COST 0 . 6 8 1 8 8 2 E 08 HILS KMHR 9 . 1 2 4 2 
* * * * * GIBSON * * * * * I S ASSIGNED TO BORN 4 . 0 4 8 H-TONS OF TYPE 1 LOM SULFUR COAL IN YEAR 76 

COLUHBIA 5 5 4 0 0 1 0 0 0 
CURRENT HSC CENTS HBTU 0 . 5 7 5 8 E 0 2 DEHAND LSC HTONS 0 . 1 8 7 5 E 01 0 . 1 8 7 5 E 01 0 . 1 2 2 3 E 0 1 
LSC FUEL CENTS HBTU 6 4 . 7 8 1 2 BILS KBHR 5 . 8 3 0 5 
ANNUAL CAPACITY FACTOR 0 . 7 5 0 SYSTEH PENALTY 0 . 3 9 HILS KBHR 
LSC • HSC FUEL CENTS HBTO 6 4 . 7 7 5 9 BILS KBHR 5 . 8 2 9 8 ANNUAL DOLLABS 0 . 2 0 1 8 5 1 E 0 8 
CONVERSION COST 0 . 0 ANNUALIZED 0 . 0 
ANNOAL TOTAL COST 0 . 2 1 5 3 1 9 E OR BILS KBHR 5 . 2 1 8 8 
SCHUBBER( 1) CAP COST PER KB 4 5 . 5 7 8 7 ANNUAL COST PER KB 1 6 . 9 1 9 6 

S H A N D L I N G 0 . 5 9 5 2 5 7 E 01 O 6 B 0 . 2 9 9 0 7 4 E 01 CAP C H G 0 . 7 9 7 6 2 7 E 01 S PER KB 
ANNUAL CAPACITY FACTOR 0 . 7 5 0 SYSTEB PENALTY 1 . 2 4 HILS KBHR 
ANNDAL FGD COST 0 . 1 5 5 4 2 7 E 08 BILS KMHR 4 . 4 8 9 0 DOLLARS PER KB 2 9 . 4 9 2 8 S I Z E HB 5 0 2 . 1 1 1 
ANNUAL FGD • HSC COST 0 . 3 3 4 8 6 8 E 0 8 HILS KBHR 9 . 6 7 1 6 
* * * * * COLUHBIA • • * • * I S ASSIGNED TO BORN 1 . 8 7 5 H-TONS OP TYPE 1 LOB SULPOR COAL IN YEAB 76 

DOCK CR 0 7 9 0 0 5 0 0 
CDRRENT HSC CENTS HBTU 0 . 5 7 5 R E 0 2 DEHAND LSC HTONS 0 . 1 4 2 3 E 01 0 . 1 4 2 3 E 01 0 . 9 2 8 6 E 0 0 
LSC FOEL CENTS HBTO 6 9 . 9 1 0 2 BILS KBHR 6 . 2 9 1 9 
ANNUAL CAPACITY FACTOR 0 . 7 5 0 SYSTEB PENALTY 0 . 1 9 BILS KBHR 
LSC * HSC FUEL CENTS HBTO 6 9 . 8 9 7 7 HILS KBHR 6 . 2 9 0 8 ANNUAL DOLLARS 0 . 1 5 5 3 2 2 E 0 9 
CONVERSION COST 0 . 0 ANNUALIZED 0 . 0 
ANNUAL TOTAL COST 0 . 1 7 5 5 4 4 E 08 HILS KBHR 5 . 6 7 9 8 
SCRUBBER( 1) CAP COST PER KW 4 9 . 5 9 9 4 ANNUAL COST PER KB 1 7 . 9 8 4 9 

S H A N D L I N G 0 . 5 9 5 2 5 7 E 01 O 6 H 0 . 3 3 5 2 4 6 E 01 CAP C H G 0 . 8 6 7 9 9 0 E 01 I PER KB 
ANNUAL CAPACITY FACTOR 0 . 7 5 0 SYSTEH PENALTY 1 . 2 4 HILS KBHR 
ANNUAL FGD COST 0 . 1 2 3 2 8 5 E 08 HILS KBHR 4 . 6 9 1 2 DOLLARS PER KB 3 0 . 8 2 1 3 S I Z E BB 3 8 1 . 1 0 9 
ANNUAL FGD • HSC COST 0 . 2 5 9 4 8 3 E 08 HILS KBHR 9 . 8 7 3 8 
« « • * * DUCK CR * * * * * I S ASSIGNED TO BURN 1 . 4 2 3 H-TONS OP TYPE 2 LOM SULFUR COAL IN YEAR 76 

SCHAHPFR 3 4 5 5 0 5 0 0 
CURRENT HSC CENTS HBTO 0 . 5 7 5 8 E 0 2 DEHAND LSC HTONS 0 . 1 2 1 f i F 0 1 0 . 1 2 3 6 E 01 0 . 8 0 6 3 E 0 0 
LSC FOEL CENTS HBTU 7 0 . 5 7 2 9 HILS KBHR 6 . 1 5 1 6 



ANNUAL CAPACITY FACTOR 0 . 7 5 0 SYSTEB PENALTY 0 . 3 7 HILS KMHR „ . . . „ . , „ , „ , „ . „ = 
LSC • HSC FUEL CENTS BBTU 7 0 . 0 2 6 3 BILS KBHR 6 . 3 0 2 4 ANNUAL DOLLABS 0 . 1 4 3 8 1 9 E 0 8 
CONVERSION COST 0 . 0 ANNUALIZED 0 . 0 
ANNUAL TOTAL COST 0 . 1 5 2 3 3 0 E 08 HILS KBHR 6 . 6 7 5 4 
SCRUBBER ( 1) CAP COST PER KB 52.5919 ANNUAL COST PER KB 18.7854 

S H A N D L I N G 0 . 5 9 5 2 5 8 E 01 O 6 H 0 . 3 6 1 1 7 1 E 01 CAP C H G 0 . 9 2 2 1 0 9 E 01 I PER KW 
ANNOAL CAPACITY FACTOR 0 . 7 5 0 SYSTEH PENALTY 1 . 2 4 HILS KBHR 
ANNOAL FGD COST 0 . 1 1 0 5 1 9 E 0 8 BILS KBHR 4 . 8 4 3 1 DOLLARS PER KB 3 1 . 8 1 9 4 SIZE HH 3 3 0 . 9 3 0 
ANNDAL FGD + HSC COST 0 . 2 2 8 7 8 5 E 08 BILS KBHR 1 0 . 0 2 5 7 
* * * * * SCHAHPER * * * * * I S ASSIGNED TO BORN HIGH SULFUR COAL IN YEAR 7 6 

I T S DEBAND FOB LSC HAS 1 . 2 3 6 H - T O N S OR FOB SCRDBBEBS HAS 3 3 0 . 9 3 0 Hi 

C D R R E N T ' ' H S C C E N T S HBTU 0 . 5 7 5 8 E 02 DEBAND LSC HTONS 0 . 5 6 9 4 E 00 0 . 5 6 9 4 E 00 0 . 3 7 1 4 E 0 0 
I S C FDEL CENTS HBTU 7 9 . 8 0 3 7 BILS KBHR 7 . 1 8 2 3 
ANNUAL CAPACITY FACTOR 0 . 7 5 0 SYSTEH PENALTY 0 . 3 7 HILS KBHR 
LSC • HSC FOEL CENTS BBTU 7 8 . 8 6 8 7 HILS KMHR 7 . 0 9 8 2 ANNOAL DOLLARS 0 . 7 4 6 1 6 0 E 0 7 
CONVERSION COST 0 . 4 9 8 1 1 7 E 07 ANNOALIZED 0 . 8 7 1 7 0 5 E 0 6 
ANNDAL TOTAL COST 0 . 8 7 2 5 3 9 E 0 7 BILS KBHR 8 . 3 0 0 4 
SCRUBBER( 1) CAP COST PER KB 6 7 . 7 3 2 4 ANNUAL COST PER KH 2 3 . 0 2 1 9 

S H A N D L I N G 0 . 5 9 5 2 5 8 E 0 1 O 6 B 0 . 5 2 1 6 1 9 E 01 CAP C H G 0 . 1 1 8 5 3 2 E 02 $ PER KH 
ANNOAL CAPACITY FACTOR 0 . 7 5 0 SYSTEB PENALTY 1 . 2 4 BILS KBHR 
ANNUAL FGD COST 0 . 5 9 3 6 3 3 E 0 7 HILS KBHR 5 . 5 4 7 2 DOLLARS PER KB 3 7 . 1 0 2 0 S I Z E H B 1 5 2 . 4 4 4 
ANNOAL FGD • HSC COST 0 . 1 1 3 8 4 3 E 08 HILS KBHR 1 0 . 8 2 9 8 
* * * * * ERICKSON * * * * * I S ASSIGNED TO BORN 0 . 3 7 1 M-TONS OP TYPE 3 LOB SULPOR COAL IN YEAR 75 

COLLINS 1 1 1 5 0 1 8 0 0 
* * * * * COLLINS * * * * * I S ASSIGNED TO BURN HIGH SOLFOR COAL IN YEAR 7 6 

I T S DEHAND FOB I S C MAS 0 . 0 B-TONS OR POR SCRUBBERS BAS 0 . 0 HH 
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I.D DEFINITION OF VARIABLES USED IN PLAN 

1. Directory of COMON Block Variables Listed by Block 

a. Common /EX/ 

HTRATOOO) 

HSCOST(300) 

MILES(300) 

FLGRT(300) 

ECRAT(300) 

AGE(300) 

ESHFC 

WETFR(300) 

heat rate (Btu/kwhr) for up to 300 plants 

cost of high sulfur coal ((f/BtuxlO^) 

miles to each plant from nearest low sulfur 
coal field 

flue gas rate (scfra) 

concentration-emission ra t io \ton/da.yy 

average year when each of the [up to 300) plants 
was bui l t 

cost escalation factor for high sulfur coal 

fraction of to ta l capacity that has wet bottom 
design 

b . Common /GP/ 

NCG 

NCCXL 

NAG 

NAGMl 

NMG 

NURG 

NAQG 

NAGqMl 

PA(5.4) 

PLC(5,4) , 
PSB(5,4) 

aiM(4) 

ALIM(4) 

MLIM(4) 

nimber of capacity gronjs 

number of capacity groups minus 1 

number of age groups 

number of age groups minus 1 

number of mine-mouth groups 

number of urban-rural groins 

number of AQCR groups 

nimber of ACJCR groins minus 1 

pr io r i ty level for each of four possible kinds 
of capacity, age, mine-mouth, urban-rural or 
AQCR grotps 

groi^) characteristics for low sulfur coal and 
for scrubbers, respectively: 

-1,2 = not possible 
0 = does not matter 

1 = desirable 

Lpper l imit capacity for each group 

Lpper limit of year bu i l t for each group 

upper mine-mouth index for each groLp 
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b. Common /GP/ (Contd.) 

AQC(3,8) l i s t of AQCR numbers in each groip (limit of 8 
AQCRs for each group) 

c. Common /LOCATE/ 

NAME(3,300) 

CODE(3,300) 

STATE(300) 

AQCR(300) 

COUNTY(300) 

MINEMO(300) 

URBAN(300) 

name of each of the (ip to 300) plants 

plant code numbers 

s ta te number for each plant 

AQCR number for each plant 

county name for each plant 
code of how close each plant is to a mine-mouth 

U = urban, R = rural 

Common /LSCOAL/ 

NLSC - number of low s u l f u r c o a l t y p e s 

SUPLS(3) - si^jply of n) to 3 different types of low sulfur 
coal for a given year 

CMINE(3) - cost of mining, or mine-mouth cost ($/ton) 

ESFACM(3) - cost escalation factor; percent of real cost 

increase each year for mine cost 

CTRANS(3) - cost of transporting coal (mills/ton-mile) 

ESFACT(3) - cost escalation factor; percent of real cost 

increase each year for transportation 

BTULSC(3) - Btu/lb for each type of low sulfur coal 

SULLSC(3) - percent sulfur by weight for each type of coal 

1YRLS(3) - i n i t i a l year in vAich each low sulfur coal type 
is available 

SUPLSI(3) - i n i t i a l supply of LSC available the f i r s t year 
(millions of tons) 

SUSLSY(3,10) - supply of LSC available after f i r s t year for 
each year unt i l the end of the study period 
(millions of tons) 

ISRT(3) - type of relationship for coal sipply on a year-
by-year bas is : 
1 = sipply given year by year 
2 = % increase in available supply to be used in 

a l l years after the i n i t i a l year 
3 = 1 increase in previous year 's demand to be 

used after the i n i t i a l year 

SPER(3) - percent increase to be used if ISRT types 2 or 
3 are specified 
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e. Common /PLANT/ 

NPLANF 

CAP(300,12) 

BTUIN(300,12) -

SULPH(300) 

BTULB(300) 

nunber of plants 

capacity in Mw for ip to 300 plants for each of 
12 years 

coal input needed (BtuxlO'Vyr) 

I sulfur in coal presently burned 

Btu/lb 

Common /PRI/ 

ORDER(300) - index of plants arranged in order by pr ior i ty 
and a i r quality 

NPRIOR - nunber of different pr ior i ty levels 

MAXP - maximun pr io r i ty level 

MINP - minimim pr ior i ty level 

PRIOR(300) - pr ior i ty level for each plant 

PCOUNT(IOO) - nunber of plants at each pr ior i ty level 

LSCF(300), - flag for each plant; whether or not i t can 
SCRF(300) u t i l i ze low sulfur coal or scrubbers, 

respectively: 

0 = doesn't matter 
1 = desirable 
2 = cannot use 
3 = scrubber Jissigned so no switching allowed 

Common /SCRUBB/ 

ISRTS 

SPERS 

lYRS 

SUPSI 

ESFSC 

ISTYPE 

scrubber simply relationship on year by year 
basis 

1 = sipply given year by year 
2 = % increase of original supply to be used 

each year 
3 = 4 increase of previous year 's demand to 

be used 

% increase to be used if ISRTS = 2 or 3 

i n i t i a l year when scnfcbers are available 

i n i t i a l sipply (Hv) of scrubbers available the 
f i r s t year 

cost escalation factor 

number of types (S possible types) 
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g. Comnon /SCRUBB/ (Contd.) 

STYPE(5) - scrubber types to be considered (if more than 
one is given, the lowest cost one will be used) 

1 = limestone 
2 = lime 
3 = MgO 
4 = caustic, with thermal regulator 
5 = caustic, with electrostatic regulator 

SUPSC(10) - supply of scrubbers (Mw) available after the 
initial year for each year to the end of the 
study period 

h. Common /STRAT/ 

NSTRAT 

SYR(20) 

STAND(20) 

KIND(20) 

STA(20) 

SAQ(20) 

SCOUN(20) 

SUR(20) 

SCNUB(20) 

SCHMAX(20) 

SAMIN(20) 

SAMAX (20) 

AQS(20) 

- number of strategies, limited to 20 

- year of strategy implementation for each 
strategy 

- air quality standard for each strategy (units 
depend on KIND (I)) 

- kind of units for each strategy: 

1 = standard on primary emissions (IbSOa/MBtu) 

standards on primary emissions 

''vg 3 = standards on concentration T̂ f-A 

AbsoTN 

4 = standards to be calculated 

state in vAich strategy applies 

number of AQCRs in which strategy applies 

county in which strategy applies 

U or R if strategy applies to urban or rural 
plants 

minimum capacity of plants to which strategy 
applies 

maximun capacity of plants to which strategy 
applies 

minimum year built of plants to which strategy 
applies 

maximum year built of plants to which strategy 
applies 

AQCRs in v^ich strategy applies (no. given by SAQ 

(D) 



i . Common /C01PLY/ 

TG0AL(12) 

TSCR(12) 

EXC0AL(12) 

ASSIGN(300,12)-

LOOST(300,12) 

FOOST(300,12) 

1.31 

to ta l LSC coal simply (Mtons) in each year 

to ta l scrubber sipply (Mw) in each year 

excess supply of LSC coal in each year 

response assignment for each plant 

1 = bums high sulfur coal 
2 = bums low sulfur coal 
3 = scrubber ins ta l led 
4 = compliance not possible 
cost (dollars) of low sulfur coal needed for 
compliance 

cost (dollars) for scrubber needed for 
conpliance 

Non-comnon Variables 

Definition of variables used throughout simulation (in approximate 
alphabetical order) . 

ANCOST 

AQDIF(300) 

AQSTD(300) 

ADD 

annual scrubber cost 

difference between plant emissions and a i r 
quality standards for ip to 300 plants 

a i r quality standards for each plant 

nunber of boilers for each plant 

BTUI 

BCODE(10) 

BCAP(IO) 

BUTIL(10) 

BAGE 

BTU 

plant input in BtuxlO'Vyear 

boiler codes for ip to 10 boilers 

boiler capacities 

I boiler utilizations 

average year plant was built in first year of 
study 

BtuxlO'Vyear 

CAPACY 

OOAL 

COST 

CAP 

C1,C2,C3 

to ta l plant capacity 

i input Btu provided by coal 

cost of low sulfur coal 

capacity in Mri 

plant code divided into 3 parts 
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I]AX(2) - month and year v*ien plant was built 

DATE(2,10) - months and years \/ihen each of ip to 10 boilers 
were built 

DCOAL(10) - if boilers use coal or not (=X, coal or blank) 

DOIL(IO) - if boilers use oil or not (=X, oil or blank) 

DEAS(IO) - if boilers use gas or not (=X, gas or blank) 

DBTU - Btu for oil or gas 

DBTUT - temporary Btu for oil or gas in retirement 
year 

DEML(3,300) f - demand at each plant for each of 3 types of LSC 
) or 

DEMS(300) \ - scrubbers respectively 

DO - other direct costs for scrubbers, (site, handling, 

etc.) 

DS(5) - retrofit cost for 5 scrubber types 

DA(5) - alkali handling costs (5 scrubber types) 

DSS - retrofit cost for scrubber installation including 
allowance for new plants 

EXIST 

ECAP(IO) 

EXCAP 

EMISH 

EXDEM 

EFF 

EXP 

EAGE 

if plant now exists or not, 1 = yes, 0 = no 

capacity for a given boiler for given year 

capacity adjustment between boilers for retirement 

sulfur emission (IbSOz/yr) 

amount by which demand for LSC of particular type 
exceeds sipply 

scrubber efficiency (.85) 

exponent for handling cost calculation 

average year plant was built in last year of study 

FRACL 

FRACS 

FS 

FR 

FA 

fraction of capacity of plant to be sipplied with 
LSC 

fraction of capacity of plant to be scrubbed 

economies of scale of scrubbers (Mw) 

difficulty of retrofit (1<̂ FR<̂ 1.5) 

economies of scale for handling lime or limestone 
(tons S/hr) 

GAS i input Btu provided by natural gas 
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INTY 

IN 

lY 

IC 

lU 

lYEAR 

year of inplementation of f i r s t strategy ( f i r s t 
year of similation) 

i f plant f i t s given strategy: 1 = yes, 0 = no 

index of year of study (IYEAR-70) 

contractor indirect costs for scrubber ins ta l la t ion 

user indirect costs for scrubbers 

year of study = 71,72 82 

KOG if plant has boilers burning coal and some other 
fuel: 

0 = just coal 
1 = combination of fuels 
2 = combination boilers in year of change 

LEFT 

LO 

LP 

amount of LSC remaining of particular type 

operating labor cost for scrubber installation 

load factor 

MPART 

MAN 

month when boiler was built 

I maintenance (.075) cost for scrubbers 

NAQ 

N 

NP 

index of AQCRs which apply to given strategy 

(in SR/SCRUBC) nunfcer of module scrubbers; also 
used as plant index in other subroutines 

plant index (1<NP£300) 

OIL 

OUTPUT 

% input Btu provided by oil 

plant output (kwhrxlO^) 

PUTIL 

PFLAG 

PARTSP 

i Utilization of plant 

error flag for priority levels 

partial supply of LSC 

Q 

RC 

flue gas ra te in scfin 

annual capital charge rate 
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SUPSCR 

SULH 

SULL 

SCOST 

STYPE 

SULFY 

SR 

sipply of scrubbers 

lb sulfur/Btu for HSC 

lb sulfur/Btu for LSC 

cost of scrubbers 

type of scrubbers 

sulfur in tons/year 

rate of sulfur removal (IbS/kwhr) 

TSBTU(12) 

TCAP(12) 

TOTSUP 

tota l input (BtuxlO'Vyr) for a l l plants for 
each year 

to ta l capacity (Mw) for a l l plants for each year 

to ta l supply of a l l 3 kinds of LSC 

UTIL 

USED 

US 

plant u t i l i za t ion (load factor) 

amount of LSC used 

scrubbing costs $.77/scfin-yr 

VA(5) - alkali handling costs (for 5 scrubber types) 

WET(IO) 

WCAP 

if wet bottom boiler: 1 = yes, 0 = no 

wet capacity 
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I . E . DETAILED FLOWCHARTS OF EACH SUBROUIINE 

s/R C3IDUP irsi 

o 
I N A o o n - y o c - i I 

( STABT ) 

READ CAPACmf GROUP DATA 
NCG,PA(1,I).PI.C(1,I) 

P S B d . l ) , I - l , 4 

G 

READ UPPER LIMIT 
CAPACITY PDR 

EA(H GROUP; 
a i M ( I ) > I-l.NCOO 

READ AGE GROUP DATA: 
NAC.PA(2.1).PLC(2,I) 

PSR(2,I ) , 1-1.4 

I wan-NAC- i 

E> READ KfS. NIMEKS 
POR EAOI (MXJP: 
AqC(I , J ) . J - l . S 

LOOP 10, 1-1,5, J - 1 , 4 
S GROUPS, 4.KINDS EACH) 

^ L C ( I , J ) -vh 1 I PLC(1,J1-Z I 

N U— 1 

( p S B ( l , J ) - n ) - ^ 1 p s B ( . . J l - Z I ( " ^ • ^ ) 

( NACM • 0 ? } . READ UPPER LIMIT 
• OF VEAR BUILT POR 

EAQH GROUP: 
ALIH(I), I - l . KAOU 

READ MINE-KXmi 
GROUP DATA: WC, 

PA(3 , I ) ,PLC(3 , I ) , 
PSB(3,I ) , 1-1,4 

oum;r;NCG 
' A d . D , I - l , NCG 

a i M ( i ) , I - l , 
NCtM 

( i M M ? ) READ UPPER MINE 
M3Um INDFJt lOR 

EACH GROUP: 
MLlM(l), 1-1, ^M: 

READ URBWi-RURAl < _ 
GROUP nATA:NURG, 

PA(4 , I ) ,PLC(4 , I ) , 
PSB(« , I ) , 1-2 

At£ 
DdO. 

NAM- ' 

r htC • 0? \ 

READ AQCR GROUP DATA: 
>«QG.PA(S,n,PLC(5,I) 

PSB(S,I ) , 1-1,4 

^ 

OmTOr:(WG 
P A C 3 , i ) , i - i , h K ; 

« . M C I ) , I - l , 

MINE H)Um 
INK). 



S/R RSUP /LSOOAL.SCRUBB.STRAT/ 

1 . 3 6 

C START J 

1 3 Possible 
LOOP 10. K-lTTl T^Tes LSC 

READ OOST DATA:CMINE(K) 
ESFACM(K),CrRANs(K), 
ESPACT(K) ,BIULSC(K) ,SULLSCCIC) 

/MINING OOST N /^-N. 

^̂ (oaNEcic) • oy ^ V 

ESFA(M(K) - ESFACM(iq/100 
SULLSCCK) • SULLSC(IC)/100 
ESFAa(K)-ESFAa(ig/100 

READ SUPPLY DATA:SUPLSICK) 
ISgrCK) ,SPER(K) ,miLS(K) /LSODAL/ 

|SPER(iq - SPER(IC)/100 

IVENA 
(EAR? 1-

/SUPPLY GIVEN 
I YEAR-BY-YEAR? ) • 
VlISRTOO 

READ SUPPLY OF LSC 
POR EAOI OF WXl 
10 YEARS:SUPLSYtK,I) 
1-1,10 

( ^ 

0-
NO LSC TYPES 
NLSC - K-1 

READ SCRUBBER DATA:ISRTS, 
;;PERS, lYRS,SUPSI,ESFSC, 
STYPE(J),>1,5 

ESFSC - ESFSC/100 
SPERS - SPERS/100 

|NAq -"o 

(NSTRAT > 20?) * \ ' V 

-• (LOOP 40 I-I.NSTRATI 

READ STRATEGY DATA: SYR(I) 
?rAND(l) ,KIND(I) ,STA(I) ,SAC!(I) 
SOOLrj(I),SUR(I), S C M N 
SCMAX(I),SAM1N(I),SAMAX(I) 

PRIWT STRATEGY DATj 

(SAQ(I) • 0?) * V V 

NO. AqCR WHERE STRATEGY APPLIES 
N«3I - NAQ • I 
NAQ - NAQ*SAQ(I) 

FIRST YEAR OF 
SMJLATION - YEAR 
OF FIRST STRATEGY 
IMPLEkENTATION 
INTY - SYR(l) 
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s/R RPLAOT /PLANT,EX,UKATI/ 

{ START j 

INITIALIZE: 
NO. OF PLAOTS(NPLAOT) - 0 
PLANT INDEX(NP) - 1 
COST ESCALATION FACTOR 
FOR HSC(ESFHS) - .04 

0-
READ PLANT AND LOCATION DATA: 
NAME(I,NP), CCDE(I.NP), STATE(NP), 
URBAN(NP), AQCR(NP), COUNTY (NP) 
MT, EXIST, MINH40(NP), CAPAa(NP), 
OUTPUT, UTIL, BTUI, SULPH(NP), CCAL, 
OIL, GAS. ADD 

c IS FIRST PART OF PLANT CODE BLANK' > 
;E>D OF PLANT. 

-tflCALE DATA) ' • 0 

(ARE NO. OF Y 
BOILERS - 0? y 

[N3T ENOUGH DATA 
FOR BOILER CARDS) 

FOR BOILERS READ: 
BCOOE(J), DATE(I,J), BCAP(J) 
BUTIL(J), HTR, DOOAKJ), DOIL(J) 
DGAS(J), WET(J); J - l , ADD(BOILERS) 

(DOES PLANT \ l 
NOW EXIST? J~ 

c WERE ANY OF TTIE BOILERS 
BUILT BEFORE 1971' 

INCREMENT NO. OF BOILERS 
BY 1 (ADD - ADD»1) 

SET DATA POR LAST BOILER 
- PLANT MTA: 
BOODE(An)) • O0OE(3,NP) 

CAPACT(NP) 
- UTIL 

BCAP(ADD) 
BUnL(ADD) 
WFr(J) - 0 
DC<»L(ADD) 
DOIL(ADD) -
DGAS(ADD) -

• OOAL 
OIL 
GAS 

c IS » INRTT \ L — 
ILL - o?y 

FOR LAST 
BOILER ONLY: 

SET BOILER COAL 
USAGE BLANK 

(IS « INRJT V L - . 
FBCW OIL - 0' J 

SET BOILER OIL 
USAGE BLANK 

( IS \ imvT V _ ^ 
FKX GAS - 0? J ^ 

SET BOILER CAS 
USAGE BLANK 

SET DATE OF LAST 
BOILER -PLANT DATE 

( DOES YEAR \ _ SET YEAR OF LAST 
BOILER - 60 

©-
SULPHOJP) - SULm(NP)/100 
PLANT UTIL - 7S« 

( PLANT OLmUT \ _ \ UTIL - a m v r 
ca'srrnf*.0B76 

Z E 
/PLANT OUTPUT V j HEAT RATE - 9000 

BTU/IM 

( PLANT OimVT \ Y K 

& 

INRJT Etnj /OUTWTxlO 
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s / R RPLANT 

C A U s / R PANAL: PLANT ANALYSIS -

I S BREAKDOWN INTO BOILERS NECESSARY? 

CAN PLANT BE KKOBBD (BURNS ONLY GAS 

OR O I L ) ? 

INCRBfENT PLANTS 

NP - NP*1 

6 

OUTTUT: NUMBER 

OF PLANTS IN 

SYSTBI IN FIRST 

YEAR 

I N I T I A L I Z E FOR 12 YEARS: 

TSBTU(IY) - 0 

T I M P ( I Y ) . 0 

LOOP 3 5 , N - 1 , NPLANT PLANTS 

READ ADDITIONAL PLANT DATA: 
HSCOST(N), B I U L B I N ) , MILES(N) 
B [ : R A T ( N ) , FLGRT ( N ) 

( HSCOST - o \ -

(BTULB(N) - o V 

™(") • S W T 

^ 

HSCOST(N) - 40 

BTULB(N) • 1 1 0 0 0 

( REIVRN J 
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s/R PAWL /PlAKT.UXMI.EX/ 

(^ START J 

I 
« LOOP 15,LL-1,N0. OF BOILERS 

/BOILER I»TE\_ 

v _ i i i i _ y 

BBSl*VB6SU«'BCAP(LL) 
I BSL^^BS^^^•BCAP(LL)•BUTIL(LL)/100 

^ 

BERROR-BSlW*8760xlO * 
-mjI/NrRAT(NP)«10' = 

LOOP 16,LL-1, NO. OF BOaERS 

(KILSWTEV-!^—«/Tr\ 

BUriL(a)-BimL(LL)-BERROR/(B»SW876O0) 
BUTIL(U.l-ABS(BUTU.fy.ll 

f DOES PLANT^ N 
V NOW E x i s n / 

INPUT BTIMNPUT BTU«(«CQ«.)(BTOI) 

/ BTUI < .027 \ K / ^ \ 

Qy- CAU S/R PRDJ: PROJECT CAPACITT, 
AVERAGE ACE, UTILIZATION, AND 
INPUT FOR PLANT OVER STUDY PERIOD 

^ 

0 
( HAS PLANT IHEX \ - J ^ REIUIN ^ 
VBEBI IWCRBCNTED? J V 7 

NPLANT-NP 
WCAP-0 

P-M IJ30P 3 0 . J - I , NO BOILERS 

(^^yJ-^ 

/ W E T B O T n » r \ _ _ J WCAP-WCAP I 
V BOILER? J ~ ' BCAPIJl I 

CALL S/R PRIOR: SET PRIORTTY 
LEVEL POR THIS PLANT 

I SULFUR IN OOAL 
, PRESENILY USEÎ O H SULHKNP) 

• }.51 

( ^ 7 3 C A P A C n y ; ^ REniRN ) 

WET FRACTION - >CAP/CAP(NP,3) 

( R E n j w } 

^ 

r» LOOP 7 5 , J - I , NO. BOILERS 

e MTE OF BOILER > 7 o A _ _ „ / ' ^ 
AND BCAP(J) 

/ RETUW j 
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s/R P8CU /PLANT,EX/ 0 
( START ) 

INITIALIZE: 
EACE - BAGE - KDG - DBTU - 0 

I LOOP 150,IY-1,12 
1(IY • INDEX OF YEAR OF STUDf) 

INITIALIZE PLANT CAPACITY - 0 
BOILER CAP. FOR EACH OF NB 
BOILERS(ECAP) - 0 

HLOOP 3 0 , J - 1 , N B (NO. BOILERS)] 

/ BOILER \ 
'^USES COAL? / 

/BOILER USESV. 
V.GAS OR OIL?y 

/ ft » UTIL \ 
'^< 2 ? " / 

-0 

/ B O I L E R CAPACITY > 0?) * V ^ ) 

/ RETIRHCNT "̂  '' ^ ^ - ^ 

V BOILER DATE > 70«IY?y ^ ' " J 

/^ WHIQH BOILER \ Y 
( IS RETIRED I 
V f.SAMR rnnF) ' 7 

/ B O I L E R DATE^ L - . / ~ > 
V 70.IY? J ^ ^ 

MPART - M3Nm 
OF BOILER DATE 

IF «)Nm - 0, 
SET «)Nm - 7 

OIANd IN CAPACITY: 

ECAP(I) - ECAP(I)>"'y^CAP(J) 

BOILER DOES (CT 
USE GAS M3R 01! 

ICDMBINATION BOILER?) 

L^^^-0 
R?) "VO 

BTU - -BCAP(J)"BUTIL(I) 
B T U J - 0 

••JLOOP 18 I > 1 

/ i j - I o r j n _ 

/ BOILER POES M3T USE \ _ 
^ 03MBINATICIN FUEL? V 

IBTUJ - BTUJ*BCAP(IJ)"BUriL(IJ)l 

KOG - 2 
(QIANGE OCMBINATION 
BOILER FLAG) 

EBTUT • DBTU 

IBTUT - (WART-1)"IBTUT»(13-H'AKT)«5™ ) 

Y 

©—I—K^g)—KE) 
EXCAP(I) - ECAP(I) 
ECAP(I) - 0 

ECAP(I) - ECAP(I)*EXCAP 
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|ECAP(I) - ECAP(I)«RCAP(J)| 

BOILER 
ADDITIONS . 1 — F U R U t . y ~ \ 

(̂ î )̂<z___0 

|ECAP(J) - BCAP(J)'ECAP(J 

V: 0 , : 
BOILER UTIL A 

SET UTIL - 50»y 

0 F BOILER IS BURNING AND sot CmiER FUEL, 
SET OCMBINATION FLAG 

COAL \ 

( K O C - U / 

WART - BOILER 
DATE m p i 

/ I F MDNm - o\ 
v̂ ET varrit - / 

ECAP(J) - ECAP(J) 

• (13-WART) • SCAPHI 

BUTIKJ) - 7S« 

I BTU - 0 | 

iuaOP 40 J-1,NB(B0ILERST1 

PLANT CAPACITY 
CAP(NP.IY) - CAP(NP,IY)»ECAP(J1 

C IF 1Y-1,SET U P \ 
AVERAS A S : 

BAg - BAffi.ECAP(J)«DATE(2,J) J 

C IF IY-12,SET U P N 
AVERAd A d : I 

EAd - EAtI<ECAP(J)'DATE(2,J) J 

/TcAPijrTTTim"^ 
'^ DATE . 70? > - -0 

IBIU - BTU»BUriL(J)'HniAT(NP)l 

IBTU - BTD»BUriL(J)*9000 I 
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YEAR \ 
TYll 1? J 

C BTO/YR \ 
l̂  BTU 0? / 

|BAGE - BAGE/CAP(NP,1)| 

I YEA] 

V,5£L 

THIS IS LAST 
YEAR AND CAPjIO, 

EAGE • EAGE/CAPfNP.12) > 

INPUT BTU 
I BmiNCNP.TY) • Ba'«e760 10 

/ioiLSTuffl^^ »/i5o) 
VJUST OJAL? J ^V_y 

(1 IF m i s IS FIRST YEAR, 
SET DBTU = 
BTUIN (NP,1)-BTUI 

/ BURN ODMBINATION 
V OF FUELS? > - ^ ^ 

/ I F DBTU< O \ 
VjET DBTU • O) 

BTUIN(NP,n') -
BTUIN(NP.IY)-IBTU 

( IF BTUIN(NP,IY) < 0 , ^ 
'^THEN BTUIN(NP,IY) - 0 ) 

(noy-»-

(BAGE . EAGE - 0?) * \ ^ 

© 
AVERAGE AGE OF PLANT 
, „ n ™ , BAGE*CAP(NP.I)»EAGE*CAF(NP,12) 

/BAGE ^ 0? ^ 

NEW PLANT: 
I SULFUR OOAL 
BURNED • 3.51 
HEAT RATE-9000(BTU/KMIR) 

ILOOP 50,1-7,12 

CAP(NP,I) i" o'^ 

DISCARD PLANT 
NP-NP-1 

{ RETURN y* 

KOG • 1 
(COMBINATION 
OF HM.S) 

BTUIN(NP,IY) • 
BTUIN(NP.IY) - DBTUT 



S/R PRIOR /GP.PRI/ 

1.43 

0—( 

PRIORITY BASED ON 
CAPACITY GROUP 

/OIECK IF CAPACITY P3R THIS 
[ PLANT • UPPER LIMIT CAPACirf 

I ANY OF THE CAPACITY GROUPS/ 

I - NO. CAPACITY 
GROUPS 

GH 
REVISE m i s PLANT'S PRIORITY 
PRI0R(NP1 - PRIOR(NP) ' PA (J,I) 

/(MCk KlSSlBlLnV OF USING 
LSC AT m i S (JIARACTERISTIC 

VSET LSCF(NP) FLAG ACOORDINgY 

a 1 
PRIORITY BASED (K 
ACE caoup 

/ NO. A d N Y / - > , 
i^ (JOUPS •_ 1 iJ * \ 1 5 ) 

Q 
(HEOC IF A d OF 1KIS 
PLANT < UPPER LDCT PDR 
ANY OF THE A d (aOUPS >/ ^ [ 1 3 ) 

30 ) PRIORITY BASED ON 
MINE MXmi OOJP 

C tC. MINE-K) \ Y , ^ - N 
(JOUPS <_ i ; y ~ — ( ^ i s j 

/CHECK IF 

I Noum < u 
V INTFX mi 

INDEX TO MINE 
UPPER MIST HX/m 

FOR MINFM1 dmiPS 'y-e 
I - « . MINE 

HMHflPffSl 

® 
OlECK POSSIBILITY OF USING ^ 
SCRUBBERS AT m I S OIARACTERISTIC 

SniFfNP) HAn ACmRDINGLY / 

/OE 
I SCRI 

^ 
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\fURAL 

PRIORITY BASED ON 
URBAN/RURAL GROUP 

NO. URBAN/ 

-0 
/ IF URBAN,i-i\ 
^IF RURAL,>2y 

© PRIORITY BASED ON 
AIR QUALITY GROUP 

r m . AQCR \ Y ^-~, 
\ GROUPS <_ ly * \ ' ^ ) 

CCHEa IF AQCR OF m i S \ Y ^ " N 
PLANT IS INCLUIED IN ) M 13 ) 

AN AQCR GROUP,I-l,NAQ<3«y/ ^ — ^ 

I • NO. AIR 
QUALITY GROUPS 

I - PRIORITY LEVEL FOR 
m i s PLANr*l 

IF I > N3. PRIORITY 
LEVELS. SET LEVELS • I 

MAXP = ND. PRIORITY 
LEVELS 

( I > 1 0 0 ? " ^ 

Ql!D 
NO. OF PLANTS AT m I S LEVEL 
PCOWT(I) - P03UNr(I) ' l 

( wnm) 

/ ERROR F L A G \ 
V PFLAG ̂  I ? / 

C PFLAG - 2?\-

( RETURN ) 

C PFUG 1 1?)_ 

/ RETURN ) 

PFLAG 
-1 

PFLAG 
- 3 

PFLAG -
PFLAG'2 

file:///fURAL
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S/R S M I /LSODAL,SCRUBB, OttVtl 

( START J 

INITIALIZE 
SUPLS ARRAY - 0 

azom • 

I - lYEAR-IYRLS(K) 
SUPLS(K) - SUPLS1(K)'(1«SPER(K)) " I 
(SUPPLY BASED CN t INCREASE IN ORIGINAL 
SUPPLY) 

LOOP 200 
lYEAR - INTY.82 

FOR EACH 
YEAR OF 
STUDf 

lY - IYEAR-70 
BDR ALL PLANTS, AND PDR 
YEAR TY, INITIALIZE LODSI 
FCOSr, I»(L, AND E E C 
ARRAYS • 0. 

SET TOTAL CCAL SUPPLY 
TO SUM OF SUPPLY OF 3 
TYPES OF oaAL 
TOOAL(IY-I)-SUPLS(l)»SUPLS(2)>SUPLS(3) 

n , 7 o ) -JLOOP 70, K-I,NL5C| 

c 
POR EAOH 
TYPE OF LSC 

WHEN IS m i s N 
KIND OF LSC 
AVAILABLE 

MOW 

-0 
IN TME 
FUTURE 

RETUd LAST YEAR'S 
LSC USE(TSUPL) 

BY SUPPLY OF m i S 
TYPE LSC 

G INPUT FOfW PDR » . ™™ 
OOAL SUPPLY DATA?-ISRT X ,\ qnppiV 
(»,YEAR-BY-YEAR,FrC) '^ 

YEAR-BY-YEAR -0 
I - lYEAR-IYRLS(K) 
SUPLS(K) - SUPLSY(K,I) 

0 
© 

/ INPUT PORM^— '' mfiS) 
\ ISRT » 3 ? J ^-^ 

/fNTTiAL srmti ^ , - v 

VITEAR' J *V2/ 

ODWVIE FRACTION 
OF LAST YEAR'S 
SUPPLY OF THIS LSC 
TYPE ACTUALLY USEDfreK) 

QMVTE SUPPLY 
BASED ON « INCREASE 
IN LAST YEAR'S DEMAND 

/ SUPPLY < LAST YEAR'S "^ N . ^-^ 
V SUPPLY- J "Xl^ 

SUPPLY • LAST YEAR'S 
I '^,'PP'Y 

© 
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0 
K) - SUP 
U. YEAR' 

(i) 
SUPLS(K) - SUPLSI(K) 
(INITLAL YEAR'S SUPPLY) 

I SUPLS(K) 

J-
TOTAL SUPPLY PDR m i S 
YEAR OF LSC 
TOTSUP - SUPLS(l) 

SUPLS[Z) • SUPLS(3) 

(INITIAL SrUOT YEAR?) ^ 1 2 0 ) 

aMVTE SCRUBBERS 
INSTALLED THROUCJI 
LAST YEAR (USCX) 

CALCULATE NEW 
CLMULATIVE SCRUBBER 
SUPPLY (SUPSCR) BASED 
ON » INCREASE OF DB4AND 
(USCK-PSO)) 

SUPSCR ^ 
LAST YEAR'S SUPPVS 

SUPSat - LAST YEAR'S 
SiyPlY 

SAVE PREVIOUS YEAR'S 
EEHAND (PSCR) 

SUPSCR • SUPSI 



S/R SIMI 

1.47 

I SUPSCR - ol 

TSCR(IY) - SUPSCR 
SCRUBBER SUPPLY THBDWH 

mis YEAR) 

S/R AIRQ: U T E P M I N E AIR 
ITY AND DIFFERENd FRCM AIR 
ITY STANMRDS 

CALL S/R SUBPRI: LETERMINE 
PRIORITY OF PLANTS TOR FUEL 
BASED ON AIR QUALITY DIFFtRENCES 

CALL 5/R DEMAND: DBTEIMNE 
QUANTITY AND TYPE OF LSC OR 
SCRUBBERS TO SATISFY AIR 
QUALITY ODNSTRAINTS 

ITSUPL - TOTSUP 

CALL S/R ASSIO): ACCORDING TO 
d S T , PRIORITY, SUPPLY, AND PLANT 
FACTORS, ASSI(» OOAL TYPES AND/OR 
SCRUBBERS TO PLANTS 

TSUPL - TSUPL-TOTSUP 
ISUPS - TSCR(IY)-SUPSCR 

IKF OF LSC AND srHmaFII<! 

EXOOAL(IY) - TOTSUP 
EXSCR(IY) - SUPSOl 
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s /R AIRQ /LOCATE,PLANT,EX,STRAT/ 

(^ START J 

TY-rYEAR-70 

/ IYEAR|fYEAR OF > 
I FIRST STRACETY D<PLBIENrATION / 

INITIALIZE AIR QUAE. 
STANDARD FOR EACH 

PLANT TO 10= ' 

• • LOOP 30 , POR EACH PLANT (N) 

'^ IS CAPACITY FOR m i S PLANT 
. m i s YEAR < LAST YEAR'S CAPACITY? 

WAS LAST YEAR'S CAPACITY - 0 r_>0 
HEAT RATE FOR TOIS PLANT: HTRATCN) 

P HEAT RATE*LA3T YEAR'S CAPACITY + 
(THIS YEAR'S CAPACITY - LAST YEAR'S CAP}»9000 

^ 

0-4 LOOP 60, POR EACH OF NSTRAT SET UP 
STRAT[:(̂ rE.S fn I AIR QUAL. STDS. 

VIMPI 

0— 
THIS YEAR T>€ YEAR OF FIRST 

rMPLmENTATIOW OF TOIS STRATEGY[ 0O 
LOOP SO FOR EACH OF 

NPLANT PLANTS (N) 

IS m i S YEAR'S CAPACITY FOR 
m i s PLANT - 0 

« ^ - ^ 

CALL S/R FIT: tMCK IF m i S PLANT 
FITS m i S STRATEGY. 

o 
DOES PLANT FIT 

. m i s SIRATEGY? 'y*® 0 
(KIND OF S T R A T E G Y ^ lbs SO7 

day 

TO BE 
CALCU­
LATED 

ir-0 
OCAPACITY"HEAT RATE/1000 

STANDARD • 17«Q ' ' " 

IF STANDARD 
SrANmfiI>6 0 J 

IF STANIWRD 
^ E T STANDARI^l ijiy 

AIR QUAL.STD.(I) 
- STANMRDd) 

/ IF C0NC/S4ISSICrnN]^ ^ 
>^SET 03NC/EMISS1(H(N) TO 3 . 5 J 

/ ^ ^ AIR QUAL.STD. (N) .STAND(I ) "10 ' 
\__J 124".9"CAPACITY»HEAT RATE*1000 

IF SIRAT IS OEFD<ED BY STDS 
ON CONCENIRATION, SET 

AQSTD(N)-AQSrC(N)«2000/ECRAT(N) 
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LOOP 70 FOR EACH OF NPLANT 
PLANIS(K) 

SULFUR BdSSIONS 
- SULm(N)'2"I0'/BTULB(N) 

S/R AIRQ 

^ 
Q - CAPACITY*HEAT RATE/1000 
STAMWRDd) - 1 7 * Q - " 

V STJ 

STAmWDd) > 6 . 0 , SET 
STAMHRDd) - 6.0 ) 

AIR QUAL DIF(N) -
(IMISH-AQSTD(N)«BmiN(N,IY)"10' 

(IFAIRQUALDIF(N)<0 , ^ 
SET AIR QUAL DIF(N) - 0 j 

(IF STANMRDd) < 1 .21, SET A 
STAMWRDd) • 1.21 J 

0-̂ . AIR QUAL SID(N) - STAM)ARD(I) 

( REIURN ) 

r~~\ LOOP 150 , 
( / = " ) ^ STRATECIE 

FOR EACH OF NSTRAT 
ES(I) 

c IS m i s YEAR < YEAR OF IMPL 
OF m i s SIRAT? ^ ^ ) — ^ 

CALL S/R FIT: (HECK IF TOIS 
PLANT FITS m i S STRATEGY 

0 IF OONC/BnS(N) - 0 
SET COH;/mIS(N) - 3.5 

AIR QUAL SrD(N) - SrAND(I)"10' 
: 24".9*CAPACITY*HEAT RATE*1000 

V 20' 

SIRAT IS DEFINED BY STBS ON 
OONCENIRATION, SET AQST(N) - AQST(N) 
2000/BCRAT(N) 

OM 

TOES PLANT FIT m i s STRATEGY' ! > 050 

KIND OF STRATEGY' 

— ( 1 5 « 

day 

TO BE 
CALCULATED 

4 
ST 

139 
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s / R FIT/LOCATE, STRAT, PLANT, EX/ 

IN - 01 
DOES m i s 

STRATEGY APPLY 
TO ANY nOUNTIES?, 

DOES STATE IN MUCH 
m i s STRATEGY APPLIES-0? 

DOES m i s STRATEGY 
APPLY TO m E STATE OF 

m i s PLANT? 
-0 

DOES mis STRATEGY 
APPLY TO THE COUNTY 

OF THE PLANT' 

• J i - » 0 

IS THE NO OF AQCR'S 
IN WHICH m i S SIRATEGY 

APPLIES = 0 ? 

^ 
CLASSIFIED r 

\ URBAN-RURAL? / 

FOR ALL STRATEGIES UP TO 
mis ONE, SET NAQ • 

NJQ • Nl»BER OF APPLICABLE 
AQCR'S PER STRATEGY 

/ DOES -IHIS STRAIEW 
MATOI m i S PLANT AS 

\ URBAN OR RURAL 
JS 

NAQI - NAQ • • ! - (NO OF 
AQCR'S APPLICABLE TO m i S 

STRA-rF.GY 

ARE THE MIN AND MAX \ 
CAPACITIES FOR m i S STRATEGY _ 

- q? I 

LOOP 82 J=NAQI, NAQ 
(OVER AQCR'S APPLICABLE 

TO IHE STRATEGY) 

lES THE CAPACITY POR THIS 
PLANT m i s YEAR FALL 

WimiN m E MIN AND MAX 
BOUNDS POR m i s STRATEGY? 

IS AQCR FOR m i s PLANT 
- AQCR IN WHICH m i S 

\ STRATEGY APPLIES? 
->0 

' DOES m i s STRATEGY \ 
HAVE PLANT A d BOUNDS' 

/DOES THE A d OF m i S \ 
PLANT MEET IHESE 

V ROUNDS? / 

IN - 1 
(PLANT FITS STRATEGY) 

N 

N .(^ 

nso) »^f RETURN J 



S/R SUS>RI/ PRI/ 

1.51 

/ START j 

/ IF NO. OF DIFFERENT ^ 
/ PRIORITY LEVELS - MAXIKK 

PRIORITY LEVEL, INCREASE 
\ NO. OF PRIORITY LEVELS 
\ BY I ) 

LOOP 5 POR EAQH OF 
NPLANT PLANTS (N) 

PLANT HAS NOT NEED , „ 
ASSICKED StSUBBERS, L ' 
PRIORITY IS MAXIHJH?) 

I - PRIORITY OF m i S 
PLANT • 1 

INCRSCNT PRIORITY LEVEL 
COUNT OF m i s PLANT BY 1 

SET PRIORITY OF TIUS 
PLANT TO MAXIMW 

INCREMENT NO. OF 
PLANTS AT HlfHEST PRIORIH 

LEVEL BY 1 

INITIALIZE COUNTERS 
NONI-O 

LOOP 40 FOR EAOI OF 
NPRIOR PRIORITY LEVELS (K) 

P - DIFFERENCE BETWEEN 
TOTAL NO. OF LEVELS AND m i S ONE 

UDOP 10 FDR EAOH OF 
NPLANT PLANTS (N) 

6 

1 
IS PRIORITY LEVEL 
OF THIS PLANT-P? 

NON0»I 
ORDER(NO)-N 

0*-

SET UP 
INTTIAL 
ORDER OF 
PLANTS BY 
PRICRITY LEVEL 

KB - NPRIOR • K»l 
NCP - POOUNr(KB) 

/ OCMPARE Y ^ 
^ NCP:1? A -

I NOWI - NCP-l| 

t ' 1 ORDER PLANTS 
- H L O O P 30 1-1, ^CTW] BY AIR QUALITY 

DIFFERENCES 
WimiN PRIORITY 
LEVELS 

<LOOP 20 J-II,NCP 

IS AIR QUAL DIP OF PLANT! 
IN ORDERfNI'J) i THAT } — ' — 

OF ORItR(Nl'I)? 

( RETURN J 



S/R DBIAND /LSCOAL,PLANT/ 
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( START ) 

lY • lYEAR - 70 
(SET UP INDEX) 

/ L 2 0 ) ^ 
LOOP 20 PDR EACH 
OF NPLANT PLANTS 

(NP) 

/ ' IS CAPACITY OF m i S Y_ 
VPLANT m I S YEAR - Oy~ 

SULH = SULffl(NP)/BTULH(NP) 
(LBS SULFUR/BTU PDR HSC FOR 
m i s PLANT) 

JLOOP 10 BDR EACH TYPE 
I OF LSC r n 

SUU - SULLSC(I)/BTULSC(I) 
(LBS SULFUR/BTU POR m i S TYPE 
OF LSn 

FRACTION OF CAPACITY OF PLANT 
TO BE SUPPLIED BY LSC 

=RACL - AQDIHNP) 

2«10 ""BTUINOfP, lY) • (SUIH-SUU) 

LSC DEMAND TOR THIS PLANT, m i S YEAR 
DEMLd.NP) . ™CL'BmiN(NP,IY) '10l = 

BTin.scfn'7nnn«int 

-€) 
SULFUR EMISSION LBSO2/YR' 

CTuTICH » 7 It i n ' ' * c i n u 

0 
FRACTION OF CAPACITY 
TO BE SCRUBBER 
„ , „ AQDIF(NP) 
™^ BTUINfNlP'lY) ' 107 « .85 » M 3 i 

SCRUBBER DEMAND m i S PLANT 
DE>6(NP) - CAP(NP,IY) * FRACS 

( RETURN J 
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s / R ASSICK /LOCATE,PRI/ 

SET INDEX 
lY - IYEAR-70 
INITIALIZE: 

TEDLSC - TEIBCR -
TPDLSC - TPDSCR - 0 

1 
ASSICK LSC 

TO m i s PLANT 

I 

© • 1^ CAN PLANT ^ N ^ ^ 

^ U S E SCRUBBERSy " A J V 

CALL S/R SCRUB: DETERMINE DBKAND 
AND OOST OF SCRUBBBIS TO l«ET 
AIR QUALITY STANIMRnS, IF POSSIBLE 

CALL S/R LODST: DITERMINE COST 
OF LSC IN AMDUNT NEEDED TO MEET 
AIR QUALITY STDS, IF POSSIBLE. 
ASSICUS LOWER COST TYPES FIRST 
IF AVAILABLE 

(IS SUPPLY OF L 5 C \ 
. DEMAND OF m i S )— 
PLANT? y 

I 

(CAN PLANT MEET " \ 
AQ STDS K i m L S C y -

DECREASE RBIAINING 
LSC BY DEMAND OF m i S PLANT 

-0 

^ 

( PLAVr ALREADY ' N ^ ^ 4 8 
ASSICJJED SCRUBflER-W ^ — 

c OWLIANCE NOT 
POSSIBLE w i m 

EITHER LSC OR SCRUBBERS 

a»IPLLANd NTI 
POSSIBLE Wim LSC L t 

AND ODST OF SCRUBBERS 
•DCCEED LSC ODST JY 151 

Q 
SUPPLY OF SOtUBBERS 
DBWfll OF m i s PLAVT? 

(HAS • 
ASSI 

m i S PLANT BEEN 
CUED LSC ' 

$ 
ODST OF LSC EXCEEDS 

OOST OF SCRUBBERS BY < 

ASSIGN 
"QM-LLVCE 
NOT POSSIBLE" 

I.NCRFJVSE REMAINIf)C LSC 
BY DIMAND OF m i S PLANT MS 

HAS m i s PLANT 
BEEN ASSKMED LSC 

CAN PLANT 
OOm-Y W i m SCRUBBERS' 

5)-^—0 

f DOES ODST OF LSC > . ^ ^ - ^ 
( E X C E E D SCRUBBER COST) •^''"l 
V BY LESS THAN 151? y ^ - ^ 

LNCHEASE RB4AINI.NG LSC 
BY DBIAND OF m i S PLWT 

© 
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0-
0-

Q 

(IS LSC ODST \ " / - ^ 

SCRUB, c o s i y v i i / 

PLANT PREFERS 
USING LSC AND LSC COST 

EXCEED SCRUBBER 03ST BY < IStj 

(ARE SCRUBBD 
OR SCRUBBER 
COST BY 15< 

SCRUBBERS NCfT DESIRABLE 
OOST EXCEED LSC 

0—H^ 

"y 
I S SUPPLY LSC > VBWiD BY 
" m i s PLANT OR t H I S PLANT 
IS ASSIGNED LSC ? 

(= 
DOES SCRUB. ODST EXCEED 
LSC ODST BY < 151 

" ^ 

DECTEASE SCRUBBER SUPPLY 
BY DEMAND OF m I S PUNT 

IF m i s PLANT WAS ASSIGNED 
LSC, mCREASE LSC SUPPLY 
BY THE AMXJNT IT WAS TO 
HAVE USED? 

ASSIGN SCTUBBERS TO 
PLANT, SET FLAGS 

•-^AN 

L-0 

DOES PLANT HAVE 
AN ASSICMIENT > 

ASSKJJ HSC TO PLANT 

1 
TEDLSC - TEDLSC»DB(L(1,NP) 
TEDSCR - TEDSCR»DE>E(NP) 
(EXCr.SS DB<AND) 

/ T F LSC COST < SCRUBBER OOST,"\ 
I SET T P D L S C - T P D L S C * D B « . ( I , N P W 

Q IF LSC COST > SCRUBBER COST 
SET TPDSCS - T P D S C R * D B 6 ( N P ) , 

0-

(py 

OUTPUT: NAME, 
YEAR, DEMAND 
POR SCRUBBERS 
AND LSC 

(: I S PLANT A S S I O B ) \ _ 
SCRUBBERS? J~ 
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S/R LOOST /LSCOAL,EX,PLANT,CCM>LY / 

( START ) 

lYEAR - IY»70 
AOLSC - 0 

LOOP 9 POR EACH 
TYPE LSC (J) 

( IS PLANT'S D&IAND FOR THIS LSC N. 
•; TOTAL PLANT DEMAND ) -

BTUlN(NP,IY)'107BTUl.SC(J)/2000?y/ 

DEMI ( I I - BTUIN(NP,IY).10' 

DUrPUT: PLANT 
CANNCrr MEET 
ACJSTU Wim 

LSI 

AQLSC-1 I 

0-
CURRENT HSC COST,, 

HSCYR-HSOOST(NP)«(l«ESrHS)'' 

amvT: 
HSC COST. 

)B4AND POR LSC 

LOAD FACTOR: 
UTIL-BTUIN(NP,n')/.8760.10"'/KrRAT(NP)/ 

CAP(NP,IY) 
LPEN-0.0(SYS 

IF UTIL < . 2 , 

BI PENALTY) 

SET LPEN-1.70 
IF .2 < UTIL « . 3 , SET LPEN-1.12 
IF . 3 < UTIL i . 4 , SET LPEN- .83 
IF .4 < UTIL i . 5 , SET LPEN- .64 
IF .5 < UTIL t . 6 , SET LPEN- .52 
IF .6 < UTIL i . 7 , SET LPEN- .41 
IF .7 < UTIL i . 8 , SET LPEN- .36 

IF UTIL > . 8 , SET LPEN-.29 

|T0TSUP-SUPLS(I)'SlfLS(;)«SUPLS(3)| 

^ 
N'TUn OF LSC USED 
• TOTSlff-SUPLSC, 
PARTSP - 0 

> J LOOP 10 POR EACH I 
I TfPE LSC(K) I 

|LEFr-SUPLS(K)>PARTSP-uEDl 

/ I S ANYTHING^ 
^ LEFT^ / -

IPARTSP-PARTSP-SUPLS (K)l 

C IS RB«ININC \ 

FOR IT(DfflL) y 

J TRANSPORT OOST -
1 6 . 3 • .6/DBIL[K) 

/ ' I F COST EXCEEDS I I , N 
^̂  SET COST - 11 J 

OCWUTE LSC COST (COST) 
AND CQgT/MBTU LSC (OILSC: 

f K - NLSC' V <E) 
EXCESS DBIAND -
DBIL(K1 - LEFT 

TRAN OOST(K) -
6 .3 • .6/LEFr 

TRAN OOST(K»1) 
6 .5 ' .6/EXDB) 

^ 
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CCHPUTE ODST OF LSC, 
OlLSC(C0ST/MBIU) 

IF YEAR BUILT OF PLANT 
SET a i A R d RATE 

NT < 1 9 5 0 \ 

0—*( CCMPUTE LPENC 
(SYSTB1 PENALTY COST) 

CAPB0T-CAP(NP,3) 

LSC COST/MBTU 
HSC COST/MBIU?/ 

HS COST FOR m i S PLANT 
HSCOST(NP) • 

HSCOST (NP) iriM.SC/HSCYR 

HSCYR • OIISC 

IF CAP m i s YEAR < CAPBOT 
SET CAPBOT-raiS YEAR'S 

CAP(NP,IY) 

COMPUTE CAPACITY, 
ANNUALIZED CONVERSION COST, 

TOTAL CONVERSION COST 
(CAPBCTT ,ANBDTC, BBOTC) 

CCMPUTE TOTAL OOAL OOST 
AND LSCHKW(MILS/ia(HR) 

(BMPUTE TOTAL ANNUAL 
CDST AND MILS/KWHR 

FUEL COST • 
OONVERSICN COST 

• SYSTEM PENALTY 

ourpur:Lsc 
OOST </MBTU, 

M i L S / r - ^ 

CCMPUTE SYSTBI 
PENALTY-HUBNO, 

MILS/WVHR 

OUTPUT: 
LOAD FACTOR 

SYSTEM PENALTY 

COMPUTE COST OF LSC 
NEEDED FOR CCMPLIANCE 

(LOOST) 

(MAU-ODST/(EmjIN(NP,IY)«10') 
ALLMKW-01ALL«HTRAT (NP)«10 • ' ) 

( RETURN ) 

http://iriM.SC/HSCYR
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s/R SCRUB /EX,SCRUBB,PLANT,OM'LY/ 

( START J 

SULFUR(TONS IN YEAR lY) : 

SULFY - SULFH(NP) • BTUIN(NP,IY) 

BTULB(NP) " 2 X 1 0 ' ° 

SOVJBBER IEM^ND 
• PIJNT CAPACITY 

[E 

OUTPUT: "PIJWI 
CAMCT >€£r 
K) STDS Wim 
SOUIBI 

/ 15 m i s YEAR'S \ Y 
I CAPACITY • FIRST 

YFAR'S CAPATITY?/ 

(IMPUTE 
DIFFERENCI(CIN) 

G> 
SET FLAG (AQFCB)! 

rPLANTUAm 
IILT - 1 9 5 0 7 -

Q RETUW ) 

H R C - . 3 l | 

CDWUTE SCRUBBER 
PENALTY QDST (SPBW 

UTIL - BTUIN(NP,IY)/8760xlO 
/inRAT(NP)/CAP(NP.lY) 

HDRE THAN 
ONE TYPE 

Sin mm 

SPEN - 0.0 (SYSTEM PENALTY) 
If UTIL<_ 0 . 2 , SPEN - 5.85 
If 0.2 < UTIL< 0 . 3 , SPEN -
If 0 .3 < UTIL <_ 0 . 4 , SPEN -
If 0.4 < UTIL < 0 . 5 , SPEN -
If O.S < UTIL <_ 0 . 6 , SPEN -
If 0.6 < UTIL <_ 0 . 7 , SPEN -
If 0.7 < UTIL <_ 0 . 8 , SPEN -
If UTIL > 0 . 8 , SPEN - 1.05 

D~^0 
SODST • 10 

CAU S/R SCRUBC: CALCULATE 
ODST OF SCRUBBERS - TOTAL 
AWJUAL, MAINTENANCE, HANDLING, 
OPERATION, CAPITU, ETC. 

0-
OXPUn- SOiUBBER COST 
(SODST) BASED ON ANNUAL 
AND PENALTY (PSTS 

/ SCRUBBED \ 
î DEMAND » 2S:J-

I SCRUBBER 
DBIAND - 25 

IF PLANT CAPACITY m i S \ 
YEAR IS <25, SET I 

\SCRUBBER DEMAND - CAPACITY/ 

c 

OCMVIE OOST OF SCRUBBERS 
POR OCMPLLANd (FCOST) 

UDOP 30 POR EAOI 
OF ISTYPE SCRUBBERS (!) 

CAU S/R SCRUBC: 
OSffUIE AJMIAL 
SCRUBBER CDST 
ANODST 

OOST 
OF 

l iAST 
OOCT 

SCRUBBER 
SYSTEM 

/ ANODST • A ' 

I SCPST 

OCMPUTE P m (DSTS 
IN MILS/KW-HR, AND 
DOLLARS/KW (ANOKW, 

max) 

SCRUBBER DEMA.>a) \ 
PUNT CAPACIIYM -0 

ANODST - SOOST 

OUTPUT; 
A'MIAL CAPACITY 
FACTOR, SYSTBI 
PENALTY 

0 
OUTPUT: fUt 
(DSTS -SODST 

momi ,^l^gaiJ, 
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S/R SCRUBC 

( START ) 

Q - CAP»F 
SULF - SULFY/8760 
N • CAP/150 * .99 
FS - 6.67*N-' • CAP'-
F" • 1.5-.24/550"CAP 

US«Q>SULFY*UA(STYPE) *LF 

CAP'IO' 

L0*MAN*LF«ODST 
CAP«10J 

CPART - RC*00ST/CAP*10 

/ I F F R T T T A 
\SET_FR_-_l_jl 

OUTPUT: 
SPART, 
GPART, 

IF SCRUBBER IS CAUSTIC 
Wim ELECTRO. REGULATOR 
SET EXP = .18 

^ 

Costs broken 
i n t o handl ing, 
opera t ing and 
maintenance, 
and capac i ty 
(«/KW) 

FA - (5/SULF) 
SR - SULF*EFF/CAP"2 
DSS • DS (STYPE)-1.5«CIN/CAP 

COST • (DSS"FS«FR*nA(STYPE)"FA«SR) 
(1»DO)«(1*IC)«(1.IU)«CAP"1000 

CCC - C0ST/(CAP"13=) 
ANODST . (US'VSULFY"UA(STYPE))*LF 

•L0*MAN"LF«OOST»BC>COST 
ACC - ANOOSr/CAP«10-! 

Scni jber type , 
Capacity per Kw, 
Annual Cost per Kw 

file:///SET_FR_-_l_jl
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s/R OUTPUT /EX, CCM>LY, PLANT, LOCATE/ 

INITIALIZE: 
CCMCAP(rY) - 0 
SKHIR(nf) - 0 
TOOST(rY) - 0 
IY-INr,12 

G)—»- LOOP 20 FOR 
EACH OF NPLANT 
PLANTS (NP) 

LOOP 18 FOR 
YfLARS lY = 
INT,12 

I COST(IY) - 0 

0 F CAPACITY FOR PLANT 
NP IN YEAR lY IS 0 
SET ASSKJNENT TO 

/ ^ 
( LSC 

\LS( 

AJJfN 

PIJWT IS ASSICMED 
LSC, SET CaST (Tl) TO 
LSC CCMPLIANCE COST 

c 
9 

IF PLANT IS ASSICWED 
SCRUBBIiRS, SET CaST ( 
TO SCRUB, COMPLIANQ; O I S T / 

TCOST(TY) - IXBSTdY) • COST(IY) 

/PLANT Assicwa 
UCRUBBERS? J 

COST(IY) -
FaDST(NP,n')/ 
BTUINCNP.IY)" 
HTRAKNPl'lO"'" 

P 

(A-SSIOiED LSC^ ^ 

OR SCRUBBERSy 

SKWHRIIVl -
SKWHIlY) • 
BTUIN (NP.IY)/ 
HTRAT(NP) 

OUTPUT: PLANT 
SAIt, ASSIGMCNT 
AND OOST (J/KW) 
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S / R OUTPUT 

POR EACH YEAR, lY -

I N T , 1 2 : SET 
SKWHR(IY) • 
TCOST(IY) /Sk 'WHR(IY)«10 ' 

LOOP 40 FOR 
EACH OF NPLANT 
PLANT (NP) 

FOR EACH YEAR It -

I N T , 1 2 : SET CCMPLY(rY) 
TO BLANK 

LOOP 38 FOR 
YEARS DC . 
I N T , 1 2 

^ 
OUTPirr : TOTAL 
COMPLIANCE 
CAPACITY FOR 
EACH 

FOR EACH YEAR 
TY • I N T , 1 2 : 
SET CCMCAP(TY) 

TCAP(IY) -
COMCAPdY) 

OUTPUT: TOTAL 
CAPACITY OF 
PLANTS NCTT IN 
CCMPLIANCE FOR 
EACH YEAR 

/ 

PDR PLANT NP 
IN YEAR TY 

(CCMPLWNd \ 
NOT P O S S I B L E j / 

' NCfT ASSIQffiD HSC AND 
. NO LSC DEMANDED? D 

NOT IN COMPLIANCE 
NC - 1 
COMPLYdY) - X 

CCMCAP(n') -
CCMCAPdY) • C A P ( N P , I Y ) 

OOMPLIANd \ 
NOT ATTAWED L 
IN AT LEAST / 
ONE YEAR? y 

OUTPUT: NAME. 
SHDWING YEARS 
WHEN CCMPLIANCE 
IS NOT ATTAINED 
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I . F . PROGRAM LISTINGS 

fORTRAH 

0 0 0 1 
0 0 0 2 
0 0 0 3 
0 0 0 « 
0 0 0 5 
0 0 0 6 
0 0 0 7 
0 0 0 8 

IV r. LEVEL 21 

REAL 
CALL 
CALL 
CALL 
CALL 
CALL 
STOP 
PUD 

n A i a 

T C A P ( 1 2 ) 
GROOP 
RSUP (IKTY) 
PPLA1T (PPLKHT.TCAP) 
S i m ( H P L I I I T . I V T I ) 
OUTPUT ( INTY.TCAP) 

FORTPAN IV G LEVEL 21 GROOP D « T I = 7 S 0 7 0 

0 0 0 1 SUBBOOTIIE GROUP 
0 0 0 2 COnnOH / G P / NCG.NCanUltAG.MAGnl ,NRG.IIDPG,NAQG.WAQGfl l . 

- P A ( 5 , U ) , P L C ( S . U ) , P 3 P ( 5 , 1 ) ,CLIFI("1) , A L I r ( « ) . I L I B C ) , A Q C O . S ) 
0 0 0 3 IHTEGBP P A , P L C , P S D 
0 0 0 « BRAL ' S T I T L E ( 5 ) 
0 0 0 5 DATA T I T L E / ' C A P A C I T Y " , ' AGE • , " I ' I " E NO ' , ' U-R ' • ' 'OCR ' / 
0006 100 POBPIAT ( 1 3 1 6 ) 
0 0 0 7 2 0 0 FOBIiAT ( 1 P 6 . 0 ) 
0 0 0 8 3 0 0 PORflAT (SAII) 
0 0 0 9 RJiAD 1 0 0 , NCG, (PA (1 , 1 ) ,PLC (1 , 1 ) , PSB (1 , 1 ) , 1 = 1 , 1 ) 
0010 »CGn1 = NCG - 1 
0 0 1 1 IP (RCGB1 . G T . 0 ) BEAD 2 0 0 , (CLIFI ( I ) , 1= 1 , NCGI11) 
0 0 1 2 RFAD 1 0 0 , NAG, (PA ( 2 , 1 ) ,PLC ( 2 , 1 ) , P S B ( 2 , I ) , I = 1 , » ) 
0013 NAGBI = NAG - 1 
0 0 1 * I P (NAGHI . G T . 0) BEAD 2 0 0 , (ALI PI ( I ) , 1= 1 , NAG ̂ 11) 
0 0 1 5 READ i o n , »>"G, (PA ( 3 , 1 ) ,PLC ( 3 , I ) , P S f l ( 3 , I ) , I = 1 , U ) 
0 0 1 6 I f (HBG . G T . 1) BEAD 1 0 0 , (FLIB ( I ) , 1= 1 ,1"G) 
0 0 1 7 BEAD 1 0 0 , RURG, (PA ( l l , I ) ,PLC (<1 , I ) , P S B ( a , I ) , I : 1 , I I | 
0 0 1 8 READ 1 0 0 , RAQG, ( P A ( 5 , I) , P L C ( 5 , I) , P S B ( S , I | , I = 1 , a ) 
0019 NAOGIII = KAQG - 1 
0 0 2 0 I P (KAQGII . G T . 0) BEAD 3 0 0 , ( (AQC ( T , J) , J » 1 , R) , 1= 1 , JIOGBI) 
0021 DO 10 1= 1,5 
0 0 2 2 DO 10 J = 1 , 4 
0 0 2 3 I F ( P L C ( I , J ) . E Q . - 1 ) P L C ( I , J ) = 2 
0 0 2 » TF ( P S B ( I , J ) . 8 0 . - 1 ) P S B ( I , J ) - 2 
0 0 2 5 10 CONTINUF 
0 0 2 6 IF (NCG . E Q . 0) GO TO 20 
0027 PRINT UOO,TITLE(1), NCG, (PA(1,1) ,I»1,sen) 
0028 PKIDT U01. TITLE(I) , (CLIn(I) ,I=1,IICCI11) 
0029 20 IF (NAG .EO. 0) GO TO 10 
0030 PRIRT U00,TITLE(2),NAG, (PA (2,1) ,I = 1,»AG) 
0031 PRINT HOI, TITLE{2) , (ALI1(I) ,1= 1,"AGI1 1) 
0032 30 IP (NUG -EQ. 0) GO TO UO 
0 0 3 3 PBIIIT « 0 0 , T I T L E ( 3 ) , t l B G , (PA ( 3 , 1 ) , I = 1,HnG) 
00311 PRINT » 0 1 , TITLE (3 ) , ( I ILIFl (I ) , I = 1 , N I 1 G ) 
0 0 3 5 1 0 I F (NDBG . E O - 0) GO TO 5 0 
0 0 3 6 PRINT UOO,TITLE(U) ,NURG, (PA ( U , I ) , I ' l . N U B G ) 
0 0 3 7 50 I F (NAQG . F Q . 0) GO TO 6 0 
0 0 3 8 PRINT • I 0 0 , T I T L E ( 5 ) ,NAQG, (PA ( 5 , 1 ) , 1 = 1,NAQG) 
0039 60 RETURN 
0 0 1 0 1 0 0 FORBAT (• PIAKTS ABE GROUPED BT * , A n , " NITH ' , 1 " , ' GROUPS, RAVING 

- P R I O R I T I E S ' , 1 1 6 ) 
0 0 1 1 1 0 1 FORBAT ( • AND HAVING ' , A e , ' L I B I T S • , 1 F 1 2 . 2 ) 
0 0 1 2 END 
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FORTRAN IV G LEVEL 21 RSUP DATE •= 75070 08/28/03 

0001 
0002 

0004 

0005 
0006 
0007 
OOOS 
0009 
0010 
0011 

0012 
noi3 
0011 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0021 
0025 
0026 
0O27 
0028 
0029 
00 30 
0031 
0032 
0033 
0031 

0035 
0036 

100 
200 
300 
100 

SUBBOIITINE RSUP (INTY) 
COBBON /LSCOAL/ NLSC,SUPLS(1) ,CBI»E (3) ,ESFACB(3) ,CTPANS ( 3), 
- ESFACT(1) ,ETULSC(3) ,SULLSC(3),ISRT(3) ,SPER(3) ,ITBLS(1) , 
- SUPLSI(3),SUPLSY(3,10) 
COBBON /SCRDBB/ I3BTS,SPEBS.IYRS,SUPSI,ESFSC,ISTYPE,STYPE(5) 
- ,50PSC(10) 
COBBON /STRAT/ NSTBAT,SYR(2 0),STAND (20) ,RIND(20) ,STA(20),SAQ(20), 
- SCOUN (20) ,SUP(20) ,SCBIN(20) ,SCBAX(20) ,SABIW(20) ,SABAX(20) ,A0S(20) 
INTEGER STYPE,SYR,STA,SAQ 
FORBAT (12F6.0) 
FORBAT (I6,r6.0,1X,I2,2P6.0,5I6) 
FORBAT (UK,I2,F6.0,1I6,3I,A3,5I,A1,1F6.0) 
FORBAT (12(3X,A3)) 
DO 10 K=1,3 
BEAD 100, CBINE(K) ,E3FACB(K) .CTRANS (K) ,ESFACT (K) ,8T0L3C(K) , 

- SULLSC (K) 
IF (CBINE(K) .EQ. 0.) GO TO 20 
SULLSC(K) = SULLSC(K) / 100. 
ESPACB(K) = ESPACB(K) / 100. 
ESFACT(K) = ESFACT(K) / 100. 
BEAD 200, ISRT (K) ,SPER(K) ,IYBLS(K) ,SUPLSI (K) 
SPER (K) = SPED (K) / 100 I E ( I 3 R T ( K ) . E Q . 1) READ 1 0 0 , 
CONTINUE 

( S U P L S Y ( K , I ) , 1 = 1 , 1 0 ) 

0039 
0010 
0011 
0012 
0013 
0011 
0015 
0016 
0017 
0018 
0019 
0050 
0051 

197 
10 

60 

500 

NLSC = K - 1 
READ 2 0 0 , I S R T S , S P F R S , l Y R S , S O P S I , E S F S C , ( S T Y P E ( 1 ) , 1 = 1 , 5) 
ESFSC = ESFSC / 1 0 0 . 
SP^RS = SPPR3 / 1 0 0 . 
ISTYPE = 1 
DO 30 1 = 2 , 5 
I F ( S I Y P E ( I ) . N F . 0) ISTYPE = I S T Y P E * 1 
CONTINUE 
IF (ISRTS . EQ. 1) READ 100, (SUPSC(I) ,1=1,10) 
READ 300, NSTRAT 
SAQ = 0 
IF (NSTRAT .GT. 20) GO TO 60 
PRINT 198 
FORBAT ( / ' t YEAR STANDARD TYPE STATE AQCR COUNTY 0 / P CAPACITY 

• Bll YEAR B U I L T ' ) 
DO 1 0 1= 1,NSTRAT 
READ 3 0 0 , SYR ( I ) , S T A N D ( I ) , KIND ( I ) , S T A ( I ) , S A O ( I ) ,SCOnN ( I ) ,SI IR ( I ) , 

• S C B I N ( I ) , S C ' ' A X ( I ) , 5 A B I » ( I ) , S A B A X ( I ) 
PRINT 1 9 9 , I , S Y R ( I ) , S T A N D ( I ) , ! ( I S D ( I ) , S T A ( I ) , S A Q ( I ) , S C O 0 » ( I ) , S a B ( I ) 

• , S C B I N ( I ) , S C B A X ( I ) , S A B I H ( I ) , S A B A X ( I ) 
FORBAT ( 1 K , I 2 , 2 X , I 2 , 2 X , E 1 0 . 1 , 2 X , I 1 , 3 X , I 3 , 2 X , n , U X , A 3 , 3 I , A 1 , 2 X , 1 F 6 . 

• 0 ) 

I F ( S S Q d ) . EO. 0 ) GO TO 1 0 
NAOI = NAQ • 1 
NAO = NAQ » S A Q ( I ) 
READ 1 0 0 , ( « 9 S ( J ) , J = NAQI,NAQ) 
PRINT 1 9 7 , ( A Q S ( J ) , J = NAOI,NAQ) 
FOHBAT ( ' AQCR L I S T * , 1 0 ( 3 X , A 3 ) ) 
CONTINUE 
INTY = S Y R ( I ) 

RETURN 
PRINT 5 0 0 
RETURN 
FOHBAT ( / / / ' T o n BANY STRATEGY CARDS • • • « • « • • • * * • * • » • • • * « • • » ) 
END 
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SUBROUTINE PPLANT (NP, TCAP) 
COBBON /PLANT/ NPLANT,CAP(300,12),BTUIN(300, 12),SOIPB(300). 

- BTULB ( 3 0 0 ) 
COBBON / E X / H T P A T ( 3 0 0 ) .HSCOST ( 3 0 0 ) . B I L E S ( 3 0 0 ) , F L G R T ( 3 0 0 ) , 

- R C R A T ( 3 0 0 ) , A G E ( 3 0 0 ) , F S F H S , 1 E T F R ( 3 0 0 ) 
COBBON / L O C A T E / N A B E ( 3 , 3 0 0 ) . C O D E ( 1 , 3 0 0 ) . S T A T E ( 3 0 0 ) , A Q C R ( 3 0 0 ) , 

- COO NTY ( 3 0 0 ) , B I N F B O ( 3 0 0 ) , U R B A N ( 3 0 0 ) 
INTEGEfc CODE, STATE, DAT (2) .BCODE ( 1 0 ) .DATE ( 2 , 10) , DCOAL ( 1 0 ) , D O I L ( 10) , D G t S ( 1 0 ) 

- DGAS(IO) , k F T ( 1 0 ) , A D D , E X I S T , C O A L , O I L , G A S , B L A N K , C 1 , C 2 , C 3 
REAL BCAP(IO) , B U T I L ( 1 0 ) 
DEAL T 5 B T U ( 1 2 ) , T C A P ( 1 2 ) , CAP ACT ( 3 0 0 ) 
DATA BLANK/ • ' / 
F 0 B B A T ( 1 A 1 , I 2 , 1 X , I 1 , I 2 , A 1 , A 3 , A 3 , 2 I 2 , 2 I 1 , F 6 . 1 , F 8 . 1 , F 5 . 1 , F 8 . 5 , P 5 . 1 , 

- 3 1 3 , 1 1 ) 
FORBAT ( 2 0 I , I 3 , ' ) X , I 2 , I 2 , 2 X , F 6 . 1 , e X , P 5 . 1 , B I , F 5 . 1 , 3 A 3 , I 1 ) 
FORBAT ( 1 2 X , A 1 , I 2 , 1 I , I « , 1 X , 2 F 6 . 0 , I 6 , P 6 . 3 , F 8 . 0 ) 
NPLANT = 0 
NP = 1 
ESFHS = . 0 1 
READ ( 8 , 1 0 0 ) ( N A B E ( I , N P ) , 1 = 1 , 3 ) , ( C O 0 B ( I , N P ) , 1 = 1 , 3 ) , STATBCIP) , 

- URBAN (NP) ,AQCR(NP) , COUNT Y(NP) , DAT, EXIST , BI NE BO (NP) , CAP ACT (NP) , 
- OUTPUT, U T I L , 3 T U I , S U L P H ( N P ) , C O A L , n I L , G A S , A D D 

I F ( C 0 D E ( 1 , N P ) . E Q . BLANK) GO TO 30 
I P (ADD . E Q . 0) GO TO 8 
DO 10 J = I . A D D 
READ ( 8 , 2 0 0 ) BCODE ( J ) , (DATE (I , J) , 1= 1 , 2 ) , BCAP (.1) , EOTIL ( J ) , 

1 HTR , DCOAL ( J ) , DOIL (J ) , DGAS ( J ) , WET (J ) 
DO 7 . 1 = 1 , ADD 
I F (DCODE(J) . E O . ( (BCODE ( . 1 ) / 1 0 0 ) • 1 0 O ) .AND. ADD . L E . 1) GOTO 8 
CONTINUE 
I F ( E X I S T . N E . 1) ~,0 TO 8 
DO 5 1= I .ADD 
I F ( D A T E ( 2 , I ) . L F . 7 0 ) GO TO 12 
CONTINUE 
ADD = ADD • 1 
BCODE(ADD) = C 0 D E { 3 , » P ) 
nCAP(ADD) = CAPACY(NP) 
BUTIL (ADD) = OTIL 
WET (J ) = 0 
DCOAL (ADD) = COAL 
DnlL(AOD) = OIL 
DGAS (ADD) = GAS 

I P (COAL . E Q . 0) DCOAL(ADD) = BLANK 
I F (OIL . E Q . 0 ) DOIL(ADD) = BLANK 
I F (GAS . E O . 0) DGA3(ADD) = BLANK 
n o 1 1 1= 1 , 2 
DATE ( I , ADD) = D A T ( I ) 
I F (DAT (2 ) . F Q . 0) DATB(2 ,ADD) = 6 0 
CONTINUE 
SnLPH(NP) = SULPH(NP) / 1 0 0 . 
PUTIL = 7 5 . 
I F (OUTPUT . N E . 0) PUTIL = OOTPOT / (CAPACT(NP) • . 0 8 7 6 ) 
I F (OUTPUT . E O . 0 ) HTRAT (NP) = 9 0 0 0 , 
I P (OUTPUT . N E . 0) HTRAT(NP) = BTUI / OUTPUT • 1 . R 7 
CALL P A N A L ( N P , A D D , E I 1 S T , B T U I , C O A L , B C O D E , B C A P , D O T I L , D A T E , D C O A L , 
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- D O I L , D G A S , W E T , P U T I L ) 
0018 HP = NP • 1 
0019 GO TO 1 
0050 30 PRINT 201, NPLANT 
0051 201 FORBAT (' NDBBER OF PLANTS IN SYSTEH IN FIRST TEAR ',13) 
0052 DO 31 IY=1,12 
0053 TSBTU(IY) = 0. 
0051 31 TCAP(TY) = 0. 
0055 DO 35 N=1,NPLANT 
0 0 5 6 33 B E A D ( 8 , 3 0 0 ) C 1 , C 2 , C 3 , H S C O S T ( N ) , B T U L B ( N ) , B I L E S ( N ) , E C R A T ( N ) , F L G R T ( N ) 
0 0 5 7 I F (HSCOST(N) . E Q . 0 . ) H 3 C 0 S T ( N ) = 1 0 . 
0 0 5 8 I F (BTULB(N) . E Q . 0 . ) DTULB(N) = 1 1 0 0 0 . 
0 0 5 9 FLGRT(N) = FLGBT(H) / CAPACY(H) 
0 0 6 0 I F (FLGRT(N) . EO. 0) FLGRT(H) = 2 0 0 0 . 
0 0 6 1 I F (FLGRT(N) . G T . 2 0 0 0 0 . ) FLGRT (N) = PLGRT(N) / 1 0 . 
0 0 6 2 DO 35 I Y = 1 , 12 
0 0 6 3 T S D T U ( I Y ) = TSBTU ( I Y) * 8 T U I N ( I I , I Y ) 
0 0 6 1 T C A P ( I Y ) = T C A P ( I Y ) » C A P ( N , I Y ) 
0 0 6 5 3 5 CONTIHOE 
0 0 6 6 P R I N T 7 0 1 
0 0 6 7 7 0 1 FORBAT ( • TOTAL COAL FIRED CAPACITY ( BW)") 
0 0 6 8 PRINT 7 0 0 , TCAP 
0 0 6 9 PRINT 7 0 2 
0 0 7 0 7 0 2 FORBAT ( ' TOTAL COAL DEflAND ( 10 TO 13 B T n ) ' ) 
0071 PRINT 700, TSBTU 
0072 700 FORBAT (6P20.2) 
0073 HP = NP - 1 
0071 RETURN 
0075 END 
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0005 
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0030 
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0031 
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0035 
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0037 
0038 
0039 
0010 
0011 
0012 
0013 
0010 

30 

SUflBOOTIHE P A N A L ( N P , A D D , E I 1 S T , B T D I , COAL.BCODE,BCAP,BOTIL,DATE, 
- DCOAL,DOIL,DGAS,WET,PUTIL) 

COBBON / P L A N T / N P L A N T , C A P ( 3 0 0 , 1 2 ) , B T O I N ( 3 0 0 , 1 2 ) , S U L P H ( 3 0 0 ) , 
- BTULB (300 ) 

COBBON / L O C A T E / NABB ( 3 , 3 0 0 ) .CODE ( 3 , 3 0 0 ) , S T A T E ( 3 0 n ) , A O C B ( 3 0 0 ) , 
- COUHTI ( 3 0 0 ) , B I H E B 0 ( 3 0 0 ) , URBAN ( 3 0 0 ) 

COBBON / E X / H T R A T ( 3 0 0 ) , H S C O S T ( 3 0 n ) , B I L E S ( 3 0 0 ) , F L G R T ( 3 0 0 ) , 
- E C R A T ( 3 0 0 ) , A G E ( 3 0 0 ) , E S H F C , W E T P R ( 3 0 0 ) 

INTEGER C 0 D E , S T A T E , D A T ( 2 ) , BCODE ( 1 0 ) .DATE ( 2 , 10) , DCOAL ( 1 0 ) , D O I L ( 1 0 ) , D 
- D G A S ( I O ) , W E T ( 1 0 ) , A D D , E X I S T . C O A L . O I L , G A S 

REAL B C » P ( 1 0 ) , BUTIL ( 1 0 ) 
INTEGER PFLAG 
WETFH(NP) = 0 . 
BSOB = 0 . 0 
BB5UB = 0 . 0 
DO 15 LL = 1 , ADO 
I F ( D A T E ( 2 , LL) . G E . 7 1 ) GO TO 15 
BBSOB = BBSOB • BCAP(LL) 
BSUB = BSUB • aCAP(LL) • B U T I L ( L l ) / 1 0 0 . 

15 CONTINUE 
BERBOR = B S 0 B » 8 7 6 0 . E 3 - B T O I / B T R A T ( » P ) " I . E l 3 
DO 16 LL = 1 , ADD 
I P ( D A T E ( 2 , LL) . G E . 7 1 ) GO TO 16 
BUTIL(LL) = BUTIL(LL) - B E R R O R / ( B B S n B « 8 7 6 0 . E1) 
BUTIL (LL) = ABS (BUTIL ( L L ) ) 

16 COHTIHUE 
I F ( E X I S T . E Q . 0 ) GO TO 20 
BTDI = BTOI • COAL / 1 0 0 . 
I P (BTUI . L T . . 0 2 ) GO TO 7 0 
I F (COAL . L T . 2) GO TO 7 0 

0 CALL PR0.1 (ADD, BCODE, BCAP, BUTIL, DATE, DCOAL,D0IL,DG AS, N P , P U T I I , BTOI) 
I F (NP . EQ. NPLANT ) GO TO 5 0 
NPLANT = NP 
WCAP = 0 . 
DO 30 J = 1 , A D D 
I F ( D A T E ( 2 , J ) . G T . 7 3 ) GO TO 30 
I F (WET(J) . E O . 1) WCAP = WCAP • BCAP(J1 
CONTINUF 
CALL P R I 0 B ( C A P ( H P , 1 ) , AGE(NP) , B I H E B O ( » P ) , ORBAN (HP) , AQCR ( » P ) , NP , 

- PFLAG) 
IF (SDLPH(NP) . E Q . 0 . ) S O L P B ( » P ) = . 0 3 5 
I F ( C A P ( N P , 3 ) . E Q . 0) BETUHN 
IIETPB(NP) = WCAP / C A P ( N P , 3 ) 
RETURN 
DO 75 J=1 ,ADD 
I F ( D A T B ( 2 , J ) . G T . 7 0 .AND. BCAP ( J ) 
COHTIHUE 
NP = HP - 1 
RBTORH 
END 

0) GO TO 20 
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0001 SUBROUTINE PBOJ(NB, BCODE,BCAP,BUTIL,DATE,DCOAL,DOIL, DGAS,NP,POTIL, 
- BTOI) 

000 2 DIBENSION BCODE(10) ,BCAP(10) ,BUTT I(10) ,ECAP(10) ,DCOAL(10) ,DOIL(10) 
- ,DGAS(10) 

0003 INTEGER DATE(2,10) 
0001 COBBON /PLANT/ NPLANT,CAP(100,12),BTUIN(300,12),SULPH(300), 

- BTOLB(300) 
0 0 0 5 COBBON / E X / HTRAT ( 3 0 0 ) ,HSCOST ( 3 0 0 ) , B I L E S ( 3 0 0 ) , F L G R T ( 3 0 0 ) , 

- E C R A T ( 3 0 0 ) , A G E ( 3 0 0 ) 
0006 DATA BLANK /' '/ 
0007 EAGE = 0. 
0008 BAGE = 0. 
0009 ICOG = 0 
0010 DBTU = 0. 
0011 DO 150 IY=1,12 
0012 CAP(NP,IY) = 0. 
0013 DO 10 J= 1,NB 
0011 10 ECAP (.1) = 0. 
0015 00 30 J=1,NB 
0016 IF (DCOAL(J) .NE. BLAHK) GO TO 13 
0017 IF (DOIL (J) .HE. BLAHK .OR. DGAS (J) -NE. BLANK) GO TO 30 
0018 IP (BDTIL(.I) .HE. 0 .AND. BOTIL(J) .LT. 2.0) GO TO 30 
0019 13 IF (BCAP(J) .GT. 0) GO TO 15 
0020 IF (DATE(2,J) .GT. (70»II)) GO TO 30 
0021 DO 11 1=1,NB 
0022 IF (BCODE(J) .EQ. BCODE(I) .AND. I .NE. J) GO TO 12 
0023 11 CONTINUE 
0021 I = 1 
0025 12 IF (DATE (2,J) .LT. (70«IY)) GO TO 11 
0026 BPABT = DATE(1,J) 
0027 I P (BPART . E Q . 0 ) BPAET = 7 
0 0 2 8 16 E C A P ( I ) = ECAP(I ) < ( 1 3 . - B P A R T ) / 1 2 . • BCAP(J) 
0029 IF ((DOIL(I) .EQ. BLAHK .AND. DGAS(I) .EQ. BLANK) .OR. DBTO .EQ. 0 

- ) GO TO 17 
0030 BTU = -BCAP(J) • BOTIL(I) 
0031 BTUJ = 0. 
0032 DO 18 IJ=1,»B 
0033 IF (IJ .EQ. I .OR. IJ .EQ. J) GO TO 18 
0031 IF ((DOIL(IJ).EQ. BLAHK.AND.DGAS(IJ).EQ.BLANK) .OR.DCOAL(IJ).EQ. 

-BLANK) GO TO 18 
0035 BTUJ = BTUJ • BCAP(IJ) • BUTIL(IJ) 
0036 18 CONTINUE 
0037 KOG = 2 
0038 DBTUT = DBTU 
0039 DBTU = DDTU * (1.-BTU/(BTU*BTUJ)•(-BCAP(J))/BCAP(I)) 
0010 DBTUT =((BPART-1)*DBTUT • (13-BPART)*DBTU)/12. 
0011 17 IF (ECAP(I) .GE. 0 .OB.J.LE. I) GO TO 30 
0012 EXCAP = ECAP(I) 
0 0 1 3 E C A P ( I ) = n . 
0 0 1 1 1 = 1 + 1 
0015 ECAP(I) = ECAP(I) • EXCAP 
0016 GO TO 17 
0017 11 ECAP (I) = ECAP (I) • BCAP (J) 
0018 GO TO 17 
0019 15 IF (DATE(2,J) - (70«IY)) 20,21,25 
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0050 
0051 
0052 
0053 
0051 
0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
0063 
0061 
0065 
0066 
0067 
0068 
0069 
0070 
007 1 
0072 
O073 
0071 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0081 

0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0091 
0095 
0096 

ECAP (J) = BCAP(J) < BCAP(J) 
IF (BOTIL(J) .EQ. 0.) BUTIL(J) = 50. 
I F ( i r . E Q . 1 . A N D . ( D O I L ( J ) . H E . B L A N K . O B . D G A S ( J ) . N E . B L A N K ) ) K 0 G = 1 
GO TO 30 
BPABT = D A T E ( 1 , J ) 
I F (BPABT . E Q . 0) 
BCAP (J ) = ECAP (J ) 
B U T I L ( J ) = 7 5 
GO TO 30 
BCAP (J ) = 0 . 
CONTINUF 
BTU = 0 . 
DO 10 J= 1,NB 
C A P ( N P , I Y ) = C A P ( N P , I I ) 

BPABT = 7 
• ( 1 3 . - n P A F T ) / 1 2 . » B C A P ( J ) 

ECAP(J) 
1) BAGE = BAGE • FCAP(J) • D A T B ( 2 , J ) 
1 2 ) EAGE = EAGE • ECAP(J) • D A T E ( 2 , J ) 
. H E . 0 . A H D . D A T E ( 2 , J ) . G T . 7 0 ) GO TO 1 3 

HTRAT(HP) ECAP (J ) • B O T H (J ) 

ECAP (J ) • BUTIL (J ) 9 0 0 0 . 

I P ( l Y . E Q . 
IF ( l Y . E Q . 
I F (BCAP (J) 
BTU = BTU • 
GO TO 10 

13 BTU = BTU « 
10 CONTINOE 

I F ( I I . HB. 1) GO TO 55 
I F (BTU . E Q . 0) GO TO 56 
BAGE = BAGE / C A P ( N P , 1 ) 

55 I F ( I I . R Q . 1 2 .AHD. CAP ( N P , 12) . N E . 0) EAGE = EAGE / C A P ( N P , 1 2 ) 
56 B T U I H ( H P , I Y ) = BTO • 8 7 6 0 . E - 1 2 

I F (KOG . E Q . 0 ) GO TO 1 5 0 
I F ( l Y . E Q . 1) DBTO = B T n i H ( H P , l ) - BTOI 
IE (KOG . E Q . 2) GO TO 7 0 
I F (DBTU . L T . 0 ) DBTU = 0 . 
B T U I N ( N P , I Y ) = B T U I H ( N P , I Y ) - DBTO 
I F ( B T U I N ( N P , I Y ) . L T . 0 . ) B T O I H ( N P , I T ) = 0 . 

150 COHTIHUE 
BQ. 0. .AND. BAGE 
(BAGE»CAP(HP,1) • 

50 
60 

180 
70 

IF (BAGE 
AGB(NP) = 

-2)) 
IF (BAGE 
SULPH(HP) 
HTRAT(HP) 
DO 50 1=7,12 
IF (CAP(HP,I) 
COHTIHUE 
HP = NP - 1 
RETURN 
KOG = 1 
BTUIN(NP,IT) = BTOIH(NP,IT) 
GO TO 150 
END 

.BQ. 0.) GO TO 60 
EAGE»CAP(»P, 12) ) / (CAP(NP, 1) •CAP (NP, 12) ) 

E. 0) GO TO 15 
.035 
9000. 

.NE. 0) GO TO 180 
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SUBROUTINE PBIOP (CAP,AGE,BINEBO,URBAN,AQCR,NP,PFLAG) 
COBBON /GP/ NCG,HCGB1,NAG,HAGB1,NBG,NURG,NAQG,NA0GB1, 

- PA(5,1),PLC (5,1) ,PS8 (5,1) ,CLIB(1),ALIH(1) ,BLIB(1) ,AQC(3,8) 
DATA U / ' U ' / 
COBBON /PRI/ ORDER(100),BPBIOR,BAIP,BINP,PRIOR(300),PCOUNT(100), 

- LSCF(300),SCRF(300) 
INTEGER PRIOR,SCRF, PFLAG, PA, PLC, PSB, PCOUHT 
I E (NP . NB. 1) GO TO 1 
NPRIOR = 0 
DO 3 1 = 1 , 1 0 0 
PCOUNT(I ) = 0 
L S C F ( N P ) = 0 
SCHF(NP) = 0 
P R I O B ( N P ) = 0 
J = 1 
G O T O ( 1 0 , 2 0 , 3 0 , 1 0 , 5 0 , 7 0 ) , J 
I F (NCG . L E . 1) GO TO 15 
DO 12 1=1,NCGHI 
I F (CAP . L T . C L I B ( I ) ) GO TO 13 
CONTINUE 
I = NCG 
P H I O R ( N P ) = P P I O R ( N P ) • P A ( J , I ) 
I F (PLC ( J , I ) . G T . L S C F ( N P ) ) L S C F ( N P ) = PLC ( J , I ) 
I F ( P S B ( J , I ) . G T . S C " F ( H P ) ) SCRF(NP) = P 3 D ( J , I ) 
J = J • 1 
GO TO 5 
I F (NAG . L E . 1) GO TO 15 
DO 22 1=1 ,NAGBI 
I F (AGE . L T . A L I B ( I ) ) GO TO 13 
CONTINUE 
I = HAG 
GO TO 13 
I F (NBG . L E . 1) GO TO 15 
DO 32 1= I.NBG 
I F (BINEBO . L E . B L I B ( I ) ) GO TO 13 
CONTINUE 
I = NBG 
GO TO 13 
I P (NURG . L E . 1) GO TO 15 
I = 1 
I F (URBAN . E O . U) GO TO 13 
1 = 2 
GO TO 13 
I F (NAQG . I E . 1) GO TO 15 
DO 52 I=1,NAQGB1 
DO 52 K = 1 , B 
I F (AQCR . E Q . A Q C ( I , K ) ) GO TO 13 
CONTINUE 
I = NAQG 
GO TO 13 
I = PRIOR(NP) • 1 
I F ( I . G T . NPPIOR ) NPRIOR = I 
BAXP = NPRIOR 
I F ( I . G T . i o n ) GO TO 60 
I F ( I . L E . 0) GO TO 90 

FORTRAN 

0051 
0055 
0056 
0057 
O058 
0059 
0060 
0061 

IV G LEVEL 

80 

90 

21 

PCOUNT(I) 
RETURN 
IF (PFLAG 
IF (PFLAG 
RE-URN 
IF (PFLAG 
RETURN 
END 

PHI' 

= PCOUNT (I) 4 

-LE. 1) PFLAG 
.FQ. 2) PFLAG 

.LE. 1) PFLAG 

08/29/03 
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0001 
0002 

0001 

0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0011 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0021 
0025 
0026 
0027 
0028 
0029 
00 3 0 
0031 
0032 

0033 
0031 
0035 
0036 
0037 
0038 
0039 
0010 
0011 
0012 
0013 
0011 
0015 
0016 
0017 
0018 
0019 
0050 

SOBBOOTIHB SIBU (NPLANT,INTT) 
COBBON /LSCOAL/ NLSC,SUPLS(3).CHINE(3),ESFACB(3),CTBANS(3), 

- ESFACT (3) ,BTULSC (3) ,S0LLSC(3) ,ISRT ( 3) ,3PER ( 3) , IT RIS (3) , 
- SUPLSI (3) .SUPLSY (3,10) 
COBBON /SCRUBB/ ISRTS,SPERS,IIRS,SUPS I,ESFSC,ISTIPE,STIPE(5) 

- . S U P S C ( I O ) 
COBBON / C O B P L T / T C 0 A l ( 1 2 ) . T S C R ( 1 2 ) . E I C O A L ( 1 2 ) . P X S C R ( 1 2 ) . A S S I G ( 3 0 0 

- . 1 2 ) .LCOST ( 3 0 0 , 12) .FCOST ( 3 0 0 . 12) 
INTEGER ASSIGN 
REAL D E B L ( 3 , 3 0 0 ) . D E B S ( 3 0 0 ) . AQDIF ( 3 0 0 ) .LCOST 
DO 3 1 = 1 , 3 

3 S U P L S ( I ) = 0 . 
DO 2 0 0 lYEAB = I H T T , 8 2 
IT = ITEAR - 7 0 
DO 5 B=1,NPLAHT 
LCOST (N. I I ) = 0 . 
FCOST ( H . I Y ) = 0 . 
DO 1 1 = 1 , 3 

1 D E B L ( I . H ) = 0 . 
5 DEBS(H) = 0 . 

T C O A L ( I I - I ) = SUPL3(1 ) « SUPLS (2 ) » SUPLS(3( 
DO 7 0 K= 1,NLSC 
I F (ITEAR - l Y R L S ( K ) ) 6 0 , 5 0 , 1 0 

10 TSUPL = TSUPL - SUPL5(K) 
IF ( I S R T ( K ) - 2) 2 0 . 3 0 , 1 0 

20 I = H E A R - I I 8 L S (K) 
(K) = S U P L S I ( K . I ) 

( 1 . » S P F B ( K ) ) » » I 

60 
70 

SUPLS 
GO TO 7 0 
I = lYEAR - I T « L 3 ( K ) 
SUPL3(K) = S U P L S I ( K ) 
GO TO 7 0 
I F ( I 3 R T ( K ) . G T . 3) GO TO 7 0 
I F ( lYEAR . B Q . INTY) GO TO 5 0 
I F (TSUPL . L T . 0 ) TSK = 0 . 
I F (TSUPL . G E . 0) TSK = 1 . 
I P (TSUPL . G T . ( - 3 0 P L S ( K ) ) . A N D . TSK - E Q . 0 ) TSK = (TSDPL • 

- S U P L S ( K ) ) / s a P L S ( K ) 
SAVE = SUPLS(K) 
SUPLS(K) = SUPLS(K) • ( 1 . » S P B R ( K ) ) • TSK 
I F ( S U P L S ( K ) . L T . SAVE) SOPLS(K) = SAVE 
GO TO 7 0 
SOPLS (K) = S O P I S I ( K ) 
GO TO 7 0 
SDPLS (K) = 0 . 
CONTINUE 
TOTSOP = SUPLS ( 1 ) • SDPLS (2 ) • SOPIS ( 3 ) 
IP (lYEAR - l Y R S ) 1 3 0 , 1 2 0 . 8 0 
GO T O ( 9 0 . 1 0 0 . 1 1 0 ) , ISBTS 
I = H E A R - I I R S 
SUPSCR = S U P S C ( I ) 
GO TO 1 1 0 
I = H E A R - I I R S 
SUPSCR - SUPSI • ( 1 . + S P B B S ) ' ' I 
GO TO 110 
OSCR = T S C R ( I I - I ) - SOPSCB 
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0052 
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0065 
0066 
0067 
0068 

0069 
0070 
0071 

0072 
0073 
0071 
0075 

0076 
0077 
0078 
0079 
0080 

130 
110 

I P ( lYE 
SUPSCR 
I F (S l ip 
PSCR = 
GO TO 1 
SUPSCR 
PSCR = 
GO TO 
SUPSCR 
CONTIND 
TSCR ( lY 
CALL AI 
CALL SU 
CALL DE 
PRINT 2 

I FORBAT 
PRINT 

> FORBAT 
- FGD B' 

FORBAT 
TSUPL • 
CALL AS 

-)) 
TSUPL 
TSUPS 
PRINT 7 
FORBAT 

- • EXCE 
- • BH O 
- F 1 0 . 2 , 

EXCOAL( 
BXSCR(I 
CONTINU 
RETURN 
END 

E 
= use 
SCR 
OSCR 
10 
= SOP 
0 . 
10 
= 0 . 
E 

) 
RQ (I 
BPRI 
BAND 
0 1 , I (///' 
9 9 , S U 
( ' SU 

SIBU DATE = 7 5 0 7 0 0 8 / 2 8 / 0 3 

0 . INTY) GO TO 120 
SPERS • (OSCR - PSCR) 

LT. T S C R ( I Y - I ) ) SUPSCR = T S C R ( I Y - I ) 

UPSCR 
YEAR.AODIF) 
(NPLANT,AQDIF) 
( l Y E A B . A Q D I F . D E B L . D E B S ) 
YEAR 

YEAR 1 9 ' , 12) 
PES,TOTSUP,SUPSCR 
PPLY LSC BTONS BY T Y P E " , 3 B 1 2 . 1 , ' T O T A L ' , E 1 2 . 1 , • SOPPLI 

' . F 1 2 . 1 ) 
( t O E 1 2 . 1 ) 

TOTSOP 
SIGN ( l Y F A B , N P L A N T , I N T Y , T O T S O P . S U P S C R , D E B L . D E H S . A S S I G ( l . I I ) 

TSUPL - TOTSUP 
TSCR ( I I ) - SUPSCR 

0 0 , TSUPL, TOTSUP, T S U P S , SUPSCR 
( / / ' TOTAL OF ' , P 1 0 . 3 . ' BTONS OF LOW SULPOR COAL OSED • / 
SS SUPPLY WAS ' . F I O . S , ' B T O N S ' / ' TOTAL OP • , F 1 0 . 2 , 
F SCRUBBERS CORREHTLI I H S T A L L E D ' / ' EXCESS SOPPLI WAS ' . 

' BW') 
lY) = TOTSUP 
Y) = SUPSCR 
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0017 
0018 
0019 
0020 
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0022 
0023 
0021 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0031 
00 35 
0036 
0037 
0038 
0039 
0010 
0011 
0012 
0013 
0011 
0015 
0016 
0017 
0018 
0019 
0050 
0051 

10 

20 

30 
35 

37 

38 

39 
10 

306 
50 
60 

70 

100 

SUBRODTINE A I B Q ( I Y E A B . A Q D I P ) 
REAL A Q D I F ( 3 0 0 ) . A Q 5 T D ( 3 0 0 ) 
COBBON / L O C A T E / B A B E ( 3 , 3 0 0 ) . C O D E ( 3 . 3 0 0 ) . S T A T E ( 3 0 0 ) . A Q C B ( 3 0 0 ) . 

• COUNTY ( 3 0 0 ) . B I N E B O ( 3 0 0 ) . O R B A N ( 3 0 0 ) 
COBBON / P L A N T / N P L A N T . C A P ( 3 0 0 . 1 2 ) , B T U I N ( 3 0 0 , 1 2 ) , S O L P H ( 3 0 0 ) , 

• BTOLB(300) 
COBBON / E I / HTRAT ( 3 0 0 ) , H 3 C O 5 T ( 3 0 0 ) . B I L E S (3nO) .FLGRT ( 3 0 0 ) . 

• ECRAT ( 1 0 0 ) , A G B ( 3 0 0 ) 
COBBOH / S T P A T / H S T R A T , S I R ( 2 0 ) . S T A N D ( 2 0 ) . K I « D ( 2 0 ) 
INTEGER S I P 
I I = H E A R - 7 0 
I F ( lYEAR . N E . S Y B ( 1 ) ) GO TO 20 
DO 10 H=1.HPLAHT 
AQSTO(H) = 1 .E50 
GO TO 35 
DO 30 H=1,HPLANT 
I P ( C A P ( N , I I ) . L E . C A P ( N , I I - 1 ) ) GO TO 30 
IF ( C A P ( N , I Y - 1 ) . E Q . 0) GO TO 100 
HTRAT (N) = (HTRAT (N) 'CAP (N, I I - 1 ) • (CAP (H . I I ) - C A P ( » , I I - 1 ) ) • 9 0 0 0 . ) / 

• C A P ( H . I Y ) 
CONTINUE 
DO 6 0 1 = 1 . N S T R A T 
I F ( H E A R . N E . S I R ( I ) ) GO TO 6 0 
ITP = 0 
DO 5 0 N= 1.NPLANT 
I P ( C A P ( N , I I ) . E Q . 0) GO TO 5 0 
CALL F I T ( I , N , I Y , I T P , IN) 
I F ( IH . F Q . 0 ) GO TO 5 0 
KI = K I H D ( I ) 
GO TO ( 3 8 , 1 0 , 3 9 . 3 7 ) . K I 
Q = C A P ( N . I I ) • HTRAT(H) / 1 . E3 
S T A N D ( I ) = 1 7 . 0 • Q » « ( - . 3 3 ) 
I F ( S T A N D ( I ) . G T . 6 . 0 ) STAHD(I) = 6 . 0 
I F ( S T A H D ( I ) . L T . 1 . 2 1 ) STAND(I ) = 1 . 2 1 
AQSTD(N) = S T A N D ( I ) 
GO TO 5 0 
I F (ECRAT(H) . E Q . 0 . ) ECRAT(N) = 3 . 5 
AQSTD(N) = STAHD(I) • l . E 6 / ( 2 1 . » 0 . 9 » C A P ( H , I I ) • 1 . F 1 « H T R A T ( H ) ) 
I F ( K I N D ( I ) . E Q . 3) AQSTD (N) = AQSTD (N) « 2 0 0 0 . / E C R A T (N) 
PRINT 3 0 6 , ( N A B E ( J , N ) , J = 1 , 3 ) , AQSTD(N) ,ECRAT(H) 
FORBAT ( 1 X , 3 A 1 , ' AQ STANDARD • , F 1 2 . 1 , ' C O N C / F B I S S R A T I O ' , P 9 . 3 ) 
CONTINUE 
CONTIHOE 
DO 7 0 N=1,NPLANT 
BBISH = SULPH (N) • 2 . E6/BTULB(H) 
AQDIF(H) = (EBISH - A Q S T D ( N ) ) • B T O I H ( H , I I ) • ! . B7 
I F (AQDIF(N) . L T . 0) AQOIF(H) = 0 . 
COHTIHUE 
RETORH 
OO 150 1 = 1 , N S T R A T 
I F ( H E A R . L F . S I R ( I ) ) GO TO 3 0 
ITP = 0 
CALL P I T ( I . N . I I . I T P . I H ) 
I F ( IN . B Q . 0) GO TO 1 5 0 
KI = K I H D ( I ) 



FORTRAN TV 

0052 
0053 
0051 
0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
0063 
0061 

G LEV El 

137 

1 38 

139 
110 

150 

500 

1.72 

21 AIRQ DATE = 7 5 0 7 0 0 8 / 2 8 / 0 3 

G O T O ( 1 3 8 , 1 1 0 , 1 3 9 , 1 3 7 ) , K I 
Q = C A P ( N , I Y ) • HTRAT(N) / 1 . E 3 
S T A N D ( I ) = 1 7 . 0 • Q»« ( - . 3 3 ) 
I F ( S T A N D ( I ) - G T . 6 . 0 ) S T A N D ( I ) = 6 . 0 
I F ( S T A N n ( I ) . L T . 1 . 2 1 ) 3 T A H D ( I ) = 1 . 2 1 
AOSTD(N) = STAND(I ) 
GO TO 1 5 0 
I F (ECPAT(N) . E Q . 0 . ) BCaAT(N) = 3 . 5 
AQSTD(N) = S T A N D d l » 1 . E 6 / ( 2 1 . * 0 . 9»C AP ( H , IY) • 1 . E1»HTRAT ( » ) ) 
I F ( K I N D ( I ) . E Q . 3) AQSTD(N) = AQSTD (N) • 2 0 0 0 . • ECP AT (N) 
CONTINUE 
GO TO 30 
FORBAT ( / / / ' PLANT N U B B E R • , 1 1 , ' I S NEW IN YFAP ' . I I . 

- 'AND HAS NO AIR QUALITY S T A N D A R D ' / / / ) 
END 

FORTRAN IV G LEVEL 21 F I T DATE = 7 5 0 7 0 0 8 / 2 8 / 0 3 

0 0 0 1 SUBROUTINE F I T ( I . N . l Y , I T P , I N ) 
0 0 0 2 COBBON / L O C A T E / N A B E ( 3 , 3 0 0 ) , C O D E ( 3 , 3 0 0 ) , S T A T E ( 3 0 0 ) . A Q C R ( 3 0 0 ) , 

- COUNTY ( 3 0 0 ) , B I N E B O ( 3 0 0 ) , U R B A N ( 3 0 0 ) 
0 0 0 3 COBBON / S T R A T / N S T B A T , S I R ( 2 0 ) , S T A N D ( 2 0 ) , K I N D ( 2 0 ) ,STA ( 2 0 ) , S A Q ( 2 0 ) , 

- SCOUN ( 2 0 ) , S U R ( 2 0 ) , S C B I N ( 2 0 ) . S C H A I ( 2 0 ) . S A B I N ( 2 0 ) , S A B A I ( 2 0 ) ,AQS ( 2 0 ) 
0 0 0 1 COBBON / P L A N T / N P L A N T , C A P ( 3 0 0 , 1 2 ) , B T U I N ( 3 0 0 , 1 2 ) , S U L P H ( 3 0 0 ) , 

- BTULB ( 3 0 0 ) 
0 0 0 5 COBBON / E X / HTRAT ( 3 0 0 ) . H S C O S T ( 3 0 0 ) . B I L E S ( 3 0 0 ) , F L G R T ( 3 0 0 ) . 

- E C R A T ( 3 0 0 ) . A G E ( 3 0 0 ) 
0006 DATA BLANK /' '/, BLK1 /• '/ 
0007 INTEGER STA, SAQ, STATE 
0008 IN = 0 
0009 IF (STA (I) .EQ. 0) GO TO 10 
0010 70 IF (STA(I) .NE. STATE(N)) GO T) 150 
0011 10 IP (SAO(I| .EQ. 0) GO TO 20 
0012 NAQ = 0 
0013 DO 12 J= 1,1 
0011 12 NAQ = NAC » SAQ(J) 
0015 NAQI = NAQ - SAQ (I) » 1 
0016 80 DO 82 J=NAQI,NAQ 
0017 IF (AQCR (N) .EO. AQS(J|) GO TO 20 
0018 82 CONTINUE 
0019 GO TO 150 
0020 20 IF (SCOUN(I) .EQ. BLANK) GO TO 30 
0021 90 IF (SCODK(I) .NE. COUNTY(N)) GO To 150 
0022 30 IF (SUB(T) .EP. BLK1) GO TO 10 
0023 100 IF (SU8(I) . NE. URBAN(N)) GO TO 150 
0021 10 IF (SCMTN(I) .EQ. 0. .AND. SCBAX(I) .EO. 0.) GO TO 50 
0025 110 IF (SCHIM(I) .GF. CAP(N,IY) .OR. SCHAX(I) .LT. CAP(N,II)) GO T0150 
0026 50 IF (SAHIN(I) .EQ. 0. .AND. SAnAX(I) .EQ. 0.) GO TO 110 
0027 120 IF (SABIN(I) .GE. AGE(N) .OR. SABAX(I) .LT. AGF(N)) GO TO 150 
0028 110 IN = 1 
0029 150 RETURN 
0030 EHD 
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SUBROUTINE SUBPRI (NPLANT,AQDIF) 
COBBON /PRI/ ORDER(300),NPRlOB,BAXP,BINP,PRlOR(300).PCOUNT(100), 

- LSCF(300) .SCRF(300) 
REAL AQDIF(300) 
INTEGER ORDER,PRIOR,PCOUNT,P 
IF (HPRIOH .EQ. BAXP) NPRIOR = NPRIOR • 1 
DO 5 H=1.NPLANT 

IF (LSCF(N) .NE. 3 .OR. PRIOR(H) . BQ. BAXP ) CO TO 5 
I = PBIOP(N) » 1 
PCOUNT(I) = PCOUNT(I) -1 
PRIOR(N) = BAXP 
PCOUNT(NPRIOR) = PCOUNT(NPRlOB) • 1 
CONTINUE 
NO = 0 
NI = 0 
DO 10 K= 1,NPRIOR 
P = HPBIOR - F 
DO 10 H=1, NPLANT 
IF (PRIOP(N) .NB. P) GO TO 10 
NO = HO • 1 
ORDER(HO) = N 
CONTINUE 

KB = NPRIOR - K » 1 
NCP = PCOUNT (KB) 
IF (NCP - 1) 10.35,15 
NCPB1 = NCP - 1 
DO 30 1= 1.NCPB1 

20 
10 
15 
10 

I I I • 1 
DO 20 J = I I . N C P 
I F (A0DIF(OBDFR ( N I » J ) ) . L E . AQDIF (ORDER ( H K I ) ) ) G O T O 2 0 
HTFBP = OBDEP(NI»J) 
ORDER(NI»J) = ORDER(NI»I ) 
O R D E R ( N I » I ) = NTEBP 
CONTINUE 
CONTINUE 
HI = NI » HCP 
CONTINUE 
PETOBN 
END 

FORTRAN IV G LEVEL 21 DEBAND DATE = 7 5 0 7 0 0 8 / 2 8 / 0 3 

000 1 
0002 
0003 
0 0 0 1 

0005 

0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0 0 1 1 
0015 
0016 
0017 
0018 
0 0 1 9 
0020 

SUBROUTINE DEBAHD ( HEAR , AQDIF, DEBL, DEBS) 
REAL A 0 D I F ( 3 0 O ) , DEBL ( 3 , 3 0 0 ) ,OBBS ( 3 0 0 ) 
DATA F F F / . 6 5 / 
COBBOH / L S C O A L / NLSC, SOPLS ( 3) ,CB IN E ( 3) , ESFACB ( 3) .CTBA NS (3 ) . 

- ESFACT ( 3 ) .BTULSC ( 3 ) .SULLSC ( 3) , ISRT ( 3) , SPER ( 3) , I IR LS ( 3 ) , 
- SUPLSI ( 3 ) , S U P L S I ( 3 , 1 0 ) 
COBBON /PLANT/ NPLANT,CAP(3 00,12),BTOIN(300,12),SOLPH(300),BT01B( 

- 3 0 0 ) 
I I = H E A R - 7 0 
DO 2 0 NP=1,NPLANT 
I F ( C A P ( N P , I Y ) . B Q . 0 ) GO TO 2 0 
SULH = SULPH(NP) / BTULB(NP) 
DO 10 1 = 1 , N L S C 
SULL = SULLSC ( I ) / BTULSC ( I ) 
FRACL = A Q r i F ( N P ) / ( 2 . E 1 3 ^ B T U I H ( N P , I I ) • ( S U L H - S O L D ) 
I F (FRACL . L T . 0 . ) FRACL = 0 . 

10 D E B L ( I , N P ) = PRACL^BTOIN (HP, I I ) » 1 . E 1 3 / ( B I 0 L S C ( I ) ^ 2 0 0 0 . ) • 1 . B - 6 
EBISH = S U L H » 2 . E 6 
FRACS = A Q D I F ( N P ) / ( B T 0 I N ( H P , I I ) ' l . B7^EFP»EBISH) 
DEBS (HP) = C A P ( N P , I I ) • FRACS 

2 0 CONTINUE 
RETORH 
END 
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0 0 0 1 SUBROUTINE ASSIGN ( l Y E A f l . N P L A N T . I N T Y , S U P L S C . S U P S C R , D E B L . D E B S . 
- ASSIGN) 

0 0 0 2 INTEGFR O R D E R . A S S I G N ( 3 0 0 ) . S C R F , P R l O R . P C O U N T 
0 0 0 ! REAL D E H L ( 3 , 1 0 0 ) , D E B S ( 3 0 0 ) 
0 0 0 1 COBBON / L O C A T E / N A B E ( 3 , 1 0 0 ) , C O D E ( 3 . 3 0 0 ) , S T A T E ( 3 0 0 ) ,AQCR ( 3 0 0 ) , 

- COUNTY(300) , B I N E B O ( 3 0 0 ) . U R B A N ( 3 0 0 ) 
0 0 0 5 COBBON / P H I / ORDER ( 3 0 0 ) , N P R I O R , B A X P , B I N P , P R I O R ( 3 0 0 ) , P C O U N T ( 1 0 0 ) , 

- I S C F ( 3 0 0 ) , 5 C R P ( 3 0 0 ) 
0 0 0 6 l Y = lYEAR - 7 0 
0 0 0 7 TEDLSC = 0 . 
0 0 0 8 TEDSCR = 0 . 
0 0 0 9 TPDLSC = 0 . 
n O l O TPDSCR = 0 . 
0 0 1 1 I F ( H E A R - N E . INTY) GO TO 2 0 
0 0 1 2 20 n o 8 0 N=l ,NPLANT 
0 0 1 3 COST = 0 . 
n o i l HP = ORDER(N) 
0 0 1 5 ASSIGN(NP) = 0 
0 0 1 6 WRITE ( 9 , 1 0 1 1 ( N A B E ( I , N P ) , 1 = 1 , 3 ) , ( C O D E ( I , H P ) , 1 = 1 , 3 ) 
0 0 1 7 101 FORBAT { / / ' ' , 1 A 1 , 10X, A l , 1 3 , I D 
0 0 1 8 I F ( D E B L ( 1 , N P ) . E Q . 0 . . A N D . DEBS(NP) . E Q . 0 ) GO TO 50 
0 0 1 9 I F ( L S C F ( N P ) . EO. 2 .AND. SCRF(NP) . E Q . 2) GO TO 1 2 0 
0 0 2 0 I F ( L S C F ( N P ) . G E . 2) GO TO 30 
0 0 2 1 CALL L C n S T ( N P , D E B L ( 1 , N P ) , S U P L S C , C O S T , K, I I , AQLSC) 
0 0 2 2 I P (SUPLSC . L T . D E H L ( K , H P ) ) GO TO 30 
0 0 2 3 I F (AQLSC . E O . 1) GO TO 30 
0 0 2 1 SUPLSC = SUPLSC - D E B L ( K , N P ) 
0 0 2 5 ASSIGH(NP) = 2 
0 0 2 6 30 CONTINUE 
0 0 2 7 I F ( S C R F ( N P ) . E Q . 2) GO TO 5 0 
0 0 2 3 CALL SCRUB (NP,DEBS (NP) , S C O S T , I I , A Q F G D ) 
0 0 2 9 I F ( L S C F ( N P ) . EQ. 3) GO TO 1 8 
0 0 3 0 I F ( (AQLSC. EQ. 1 .OR. ASSIGN (NP) . E Q . 0) . AND. AQPGD.EQ. 1) GO TO 5 8 
0 0 3 1 I F (AOISC . R O . 1 . A N D . ( S C 0 3 T - C 0 3 T ) / S C O S T . G T . . 1 5 ) GO TO 5 8 
0 0 3 2 I F (SUPSCR . G E . D E B S ( H P ) ) GO TO 33 
0 0 3 3 I F (ASSIGN (NP) . E Q . 0) GO TO 52 
0 0 3 1 I F ( ( C O S T - S C O S T ) / C O S T . L T . . 1 5 ) GO TO 60 
0 0 3 5 SUPLSC = SUPLSC » O E B L ( K . N P ) 
0 0 3 6 GO TO 52 
0 0 3 7 33 I P ( A S S I G N ( N P ) . E Q . 0) GO Tn 10 
0 0 1 8 I F (AQFGD . E O . 0) GO TO 3 1 
0 0 3 9 TF ( ( C O S T - S C O S T ) / C O S T . L T . . 1 5 ) GO TO 60 
OniO SUPLSC = SUPLSC • D E B L ( K , N P ) 
0011 GO TO 58 
0012 11 IP (COST .LT. SCOST) GO TO 35 
0013 IF (LSCF(NP1 . EQ. 1 .AND. (COST-SCOST)/COST .LT. .15)00 TO 50 
0011 GO TO 10 
0015 35 I' (srEP(NP| .NE. 1 .OB. (SC03T-C0ST)/SCOST .GT. .15) GO TO 50 
0016 10 IF (SUPLSC .GE. DEBL(K,NP) .OR. ASSIGN(NP) .EQ. 2) GO TO 18 
0017 IF ((ScnST - C0ST)/SC03T .LT. .15) GO TO 18 
0018 GO TO 52 
0 0 1 9 1 8 SUPSCR = SUPSCR - DEBS(NP) 
0 0 5 0 I F (ASSIGN (NP) . E Q . 2) SUPLSC = SUPLSC * DEBL(K,NP) 
0 0 5 1 ASSIGN(NP) = 3 
0 0 5 2 L S C F ( N P ) = 3 
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0053 
0051 
0055 
0056 
00 57 
0058 
0059 
0060 
0061 
0062 
0063 
0061 
0065 
0066 
0067 
0068 
0069 

0070 
0071 
0072 
0073 

0071 

0075 

0076 

0077 

50 I P ( A S S I G N ( N P ) . H E . 0) GO TO 6 0 
52 A S S I G N ( N P ) = 1 

TEDLSC = TEDLSC » D E B L ( I . N P ) 
TEDSCR = TEDSCR • D E B S ( N P ) 
I F (COST . L T . SCOST) TPDLSC = TPDLSC • D E B L ( 1 . > P ) 
I F ( S C O S T . L T . COST) TPDSCB = TPDSCR • DEB3(NP) 

5 5 WRITE ( 9 , 1 0 0 ) (NABE ( I , NP) . 1= 1 . 3) . H E A R . DEBL ( 1 . NP) . DEBS (NP) 
GO TO 8 0 

5 8 A S S I G N ( N P ) = 1 
GO TO 5 5 

6 0 I P ( A S S I G N ( N P ) . E O . 3) GO TO 7 0 
WRITE ( 9 . 2 0 0 ) (BABE ( I . N P ) , 1 = 1 , 3 ) , D E B L ( K , H P ) , K , H E A R 
GO TO 80 

7 0 WRITE ( 9 , 3 0 0 ) (NA BB ( I , HP) , 1 = 1 , 3) , DEBS ( NP) , I l BA R 
8 0 CCNTIHUE 

PBIHT 6 0 0 , T E D L S C , T P D L S C , T E D S C R , T P D S C R 
6 0 0 FORBAT ( / / ' TOTAL EXCESS DEBAHD FOB LSC I N B-TONS • , P 1 2 . 2 / 

- • EXCESS DEBAND AT LEAST COST ' , F 1 2 . 2 / ' TOTAL EXCESS DEBAND POP 
- SCRUBBERS IN HW ' , ^ 2 . 2 / ' EXCESS DEBAND AT LEAST COST ' , ^ 2 . 2 ) 

RETURN 
1 2 0 PRINT 1 0 0 , NP 

GO TO 80 
1 0 0 FORBAT ( • • • • • • ' , 3 A 1 , ' • • • • • ' , • I S ASSIGNED TO BOBB HIGH SO 

-LFUR COAL IH lEAR ' , 1 5 / ' I T S DEBAHD FOB LSC W A S " . F 9 . 3 , • B - T O N S OB 
- FOR SCRUBBERS WAS • , F 9 . 3 , ' B H ' ) 

2 0 0 FORMAT ( ' • • • • • ' , 3 A 1 , • • • • • • ' , ' I S ASSIGHED TO B U B N ' , F 8 . 3 , 
- ' B-TONS OF T I P E ' , 1 3 , ' LOW SOLPUR COAL IN I E A B ' , 1 1 ) 

3 0 0 FORBAT ( ' • • • • • ' , 3 A l , ' • • • • • ' , • ) I S ASSIGNED A SCBOBBFB O P ' 
- . P 9 . 3 , ' BW IN YEAR ' , 1 1 ) 

1 0 0 FORBAT ( ' PLANT HO. * , I 5 , ' CANNOT USE LOW SOLFDB COIL OR A SCRUB 
- B E R • ) 

END 
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0 0 0 1 3U3ROIITIKE L c n s T ( N P , DEBL. S U P L S C . C O S T . K. l Y . AQLSC) 
0 0 0 2 REAL D E H L ( 3 ) , LSCBKW,LPEN,LPENC 
0 0 0 3 COBBON / L S C O A L / N L S C , S O P L S ( 3 ) , C B I N E ( 3 ) , E S P A C B ( 3 ) , C T R A N S ( 3 ) , 

- ESFACT (3 ) , BTU LSC (3 ) , SULLSC (3) . I S R T (3 ) . S P E R (1 ) , I T RLS ( 3 ) , 
- S U P L S I ( 3 ) , S U P L S Y ( 3 . 1 0 ) 

n o O l COBBON / E X / HTHAT ( 3 0 0 ) . H S C O S T ( 3 0 0 ) . B I L E S ( 3 0 0 ) . F L G R T ( 3 0 0 ) , 
- E C R A T ( 1 0 0 ) . A G E ( 3 0 0 ) . E S P H S , W E T F R ( 3 0 0 ) 

0 0 0 5 COBBON / P L A N T / N P L A N T . C A P ( 3 0 0 , 1 2 ) , D T O I H ( 3 0 0 , 1 2 ) , S O L P H ( 3 0 0 ) , 
- BrULB(300) 

0006 DATA RC1/.175/, RC2/.31/, HETPR/3500O./. ORYPP/1OOOO. / 
0007 COBBON /COBPLY/ TCOAL(12).TSCR(12).EXCOAL(12),EXSCR(12).ASSIGN(300 

-.12),LCOST(300,12),PCOST(300,12) 
OOna lYEAR = lY » 70 
0009 AOLSC = 0. 
0 0 1 0 DO 9 J = l ,NLSC 

I F ( D E B L ( J ) . L F . B T U I N ( N P . I Y ) • I . E 7 / ( B T U L S C ( J ) ^ 2 0 0 0 . ) ) GO TO 9 
D E " L ( J ) = 8 T U I H ( H P . I Y ) ' I . E 7 / ( D T D L S C ( J ) » 2 0 0 0 . ) 

0011 
0012 , . 
0013 WRITE (9,101) 
0011 101 POBBATC PLANT CANNOT BEET AQ STANDARD WITH L S C ) 
0015 AQLSC = 1. 
0016 9 CONTINUE 
0017 HSCYR = HSCOST (NP)«(1.4ESPHS)••(IY-1)• 1.331 
0018 WRITE (9,630) HSCYR,DEBL 
0 0 1 9 6 3 0 FORBAT ( ' CURRENT HSC CENTS B B T U ' . E 1 5 . 1 . ' DEBAND LSC B T O N S ' . 3 E 1 

- 5 . 1 ) 
0020 OTIL = BTUIK(NP,IY) / 8760.E-10 / HTRAT(NP) / CAP(NP,II) 
0021 LPEN = 0.0 
0022 IF (UTIL .LB. 0.2) LPEN = 1.70 
0023 IF (UTIL .GT. 0.2 .AND. UTIL .LE. 0.3) LPEN = 1.12 
0021 IF (UTIL .GT. 0.3 .AND. UTIL .LE. 0.1) LPEN = .83 
0025 TF (UTIL .GT. 0.1 .AND. UTIL .LE. 0.5) LPEN = .61 
0026 IF (UTIL .GT. 0.5 .AND. OTIL .LE. 0.6) LPEN = .52 
0027 IF (UTIL .GT. 0.6 .AND. UTIL .LE. 0.7) LPEN = .11 
0028 IF (UTIL .GT. 0.7 .AND. UTIL .LE. 0.8) LPEN = .36 
0029 IF (UTIL .GT. 0.8) LPEN = .29 
0030 TOTSUP = SUPLS(1) » SUPLS(2) • S0PLS(3) 
0031 USED = TOTSUP - SUPLSC 
0012 PARTSP = 0. 
0033 DO 10 K=1.NLSC 
0031 LEFT = SUPLS(K) + PARTSP - USED 
0035 IF (LEFT .GT. 0) GO TO 20 
0036 PARTSP = PARTSP • snPLS(K) 
0037 10 CONTINOE 
0038 GO TO 50 
0 0 1 9 20 I F (LEFT . L T . D E B L ( K ) ) GO TO 30 
0 0 1 0 2 1 CTRANS(K) = 6 . 3 + . 6 0 0 / D E H L ( K ) 
0 0 1 1 I F (CTEANS(K) . G T . 1 1 . ) CTRANS(K) = 1 1 . 

COST = DEBL(K) • ( C B I N E ( K ) • ( 1 . »ESFACH (K) ) • • ( l Y F A R - I I R L S (K) ) » 
CTRAHS(K) • B I L E S ( N P ) • ( 1 . * E S F A C T ( K ) ) • • ( l Y E « R - I Y R L S ( K ) ) / 1 0 0 0 . ) 

CBLSC = C n S T / ( D E B L ( K ) • B T U L S C ( K ) « 2 . E - 5 ) 
0 0 1 1 GO TO 10 
0 0 1 5 30 I F (K . E O . NLSC) GO TO 5 0 
0 0 1 6 EXDEB = DEBL(K) - LEFT 
0 0 1 7 CTBANS(K) = 6 . 3 » . 6 0 0 / L E F T 
0018 CTRANS(K»1) = 6.3 t.SOO / EXDEB 

0012 

0013 
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0050 
0051 

0052 
00 53 
0051 
0055 

0056 
0057 
0058 

0059 
0060 
0061 
0062 

0063 
0061 
0065 
0066 

0067 
0068 
0069 
0070 
0071 
0072 
0073 
0071 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0081 
0085 

0086 
0087 

COST = LEFT • (CBINE(K) • (1 . • ESFACB (K) ) • • ( H E A R - H B L S (K) ) • 
- CTBANS(K) • B I L B 3 ( H P ) • (1 . «ESFACT (K) ) • • ( H E A B - I T R L S (K) ) / 1 0 0 0 . ) 
- • EXDEB » ( C B I N E ( K » 1 ) • (1 . •ESFACB (K • 1) ) • • ( H E A R - H B L S (K» 1) ) • 
- CTRANS (K»1) • BILES (NP) • ( 1 . •ESFACT ( K H ) ) • • ( I I E A R - H R L S (K • 1) ) / 1 0 0 0 . ) 

CBLSC = C O S T / ( ( L E P T ^ B T U L S C ( K ) • EXDEB^BTU LSC (K^ 1) ) ^ 2 . E - 5 ) 
1 0 LPENC = LPEN^CAP(NP. lY) • 0 T I L » 8 7 6 0 . » D B > ' L ( K ) 'BTULSC (K) • 2 . E - 1 / B T U I H ( H 

- P . I I ) 
I F (CBLSC . G E . HSCIH) GO TO 1 2 
HSCOST (HP) = HSCOST (NP) • CBLSC / HSCYR 
HSCYR = CBLSC 

1 2 COST = C 0 S T » 1 . E 6 • H S C I B * 1 . E 5 » ( B T U I H ( N P , 1 1 ) - O E B L ( K ) ' B T O L S C ( K ) 
- • 2 . E - 1 ) 

LSCBKW = C B L S C ' H T B A T ( H P ) / 1 . F 5 
WRITE ( 9 . 2 0 0 ) CBLSC, LSCBKW 

2 0 0 FORBAT (• LSC FDEL CENTS B B T U ' , F l 0 . 1 , ' BILS KWBB', 
- F 1 0 . 1 ) 

LPENC = LPENC • ( 1 . • E S P H S ) • • ( I I - 1 ) 
HUBHO = IPENC / ( C A P ( H P , I I ) • U T I L ^ 8 7 6 0 . ) 
WRITE ( 9 , 9 9 ) U T I L , HUBHO 

9 9 FORBAT ( ' ANNUAL CAPACITY FACTOR ' , F 9 . 3 , ' SISTEB PENALTI • , F 1 0 . 2 , ' 
- BILS KWHR ' ) 

CBALL = COST/(BTUIN ( N P , I I ) • 1 . E 5 ) 
ALLHKW = C B A L L » H T R A T ( H P ) / 1 . E 5 
WRITE ( 9 , 2 0 1 ) CBALL, ALLBKW. COST 

2 0 1 FORBAT ( ' LSC • HSC FUEL CENTS BBTU' . F 1 0 . 1 . • BILS K H H B ' . F I O . 
- 1 . ' ANNUAL D O L L A R S ' , E l l . 6 ) 

BC = PCI 
I F (AGE(NP) . L T . 5 0 ) BC = BC2 
CAPBOT = C A P ( N P , 3 ) 
I F ( C A P ( H P . I I ) . L T . CAPBOT) CAPBOT = C A P ( N P , I T ) 
CAPBOT = CAPDOT • ( D E B L ( K ) ' B T O L S C ( K ) / B T O I H ( N P . I I ) • 2 . B - 1 ) 
AHBOTC = CAPBOT • ( ( 1 . - W E T F R ( H P ) ) • D R I P B • WBTPB(»P)•WETPR) • RC 
BBOTC = ANBOTC/RC 
COST = COST • AHBOTC • LPENC 
ANKW = C O S T / B T O I N ( N P , I I ) • H T B A T ( H P ) / 1 . E 1 0 
WRITE ( 9 . 2 0 0 2 ) BBOTC, AHBOTC 

2 0 0 2 FORHATC CONVERSION COST • , E 1 5 . 6 , ' ANNUALIZED ' , 8 1 5 . 6 ) 

WRITE ( 9 . 2 0 0 1 ) COST, ANKW 
2 0 0 3 FORBAT (• AHHUAL TOTAL COST 

L C O S T ( H P , I I ) = COST - (HSCIR 
RETOBN 
COHTIHUE 
K = 3 
GO TO 21 
FORBAT ( / / / ' 

- 1 1 , ' IN YEAB 
RETURN 
EHD 

50 

100 

',E11.6.' BILS KBHR'.FIO.I) 
1.E5 • BTUIH(BP.II)) 

LOW SULFUR COAL RAH OUT WHILE SOPPLIIHG PLANT NO.', 
',11) 
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0001 
0002 

0003 
0001 

0005 

0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0011 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0021 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0031 

0035 
0036 
0037 
00 38 
0039 
0010 

0011 
0012 

0013 

0011 
0015 
0016 
0017 
0018 

SUBROUTINE SCRUB (NP, DEBS, SCOST, II, AQFGD) 
COBBON /EX/ IITRAT(300) ,HSCO3T(300) .BILES (300) ,FLGRT (300) , 
- ECRAT(300),AGE(300). ESFHS 
COBBON /SCRUBB/ ISBT3.SPERS.IYRS,SUPSI,ESFSC. 
COBBON /PLAHT/ HPLANT.CAP(300.12),BTUIN(300. 
- BTULB (300) 
COBBON /COBPLY/ TC0AL(12) .TSCR(12) ,EXCOAL (12) ,EXSCR(12) ,ASSIGN (300 
-,12) ,LCOST(300,12) , PCOST(300, 12) 
INTEGER STIPE 
RC = .175 
CIN = 0. 
SOLFY = SULPH(NP) • BTUIN(HP,IY) / BTULP(NP) 
IF (CAP(NP,IY) .GT. CAP(NP,1)) CIN = CAP(NP, 
IF (AGE(NP) .LT. 50) RC = .31 
UTIL = BT0IN(NP,IY) / 8760.E-10 / HTRAT(NP) / CAP(HP.II) 
SPEN = 0. 
IF (UTIL.LE.0.2) SPEN = 5.85 
IF (UTIL.GT.0.2 .AND.OTIL .LE. 0.3) 
TF (UTIL.GT.0.3 .AND.UTIL .LE. 0.1) 

. I S T Y P E . S T I P E ( 5 ) 
. 1 2 ) . S U I P H ( 3 0 0 ) . 

• 5 . R 9 
, I Y ) - CAP(HP, 1) 

. A N D . U T I L 

. A N D . U T I L 

. A N D . U T I L 
. A N D . U T I L 

0.5) 

SPEN = 
SPEN = 
SPEN = 

LP. 0.6) SPEN = 1 
LE. 0.7) SPEN = 1 

8) SPEN = 1 

IP (OTIL.GT.0.1 
IP (OTIL.GT.0.5 
IF (UTIL.GT.0.6 
IF (OTIL.GT.0.7 
IP (UTIL .GT.0.8) SPEN = 1.05 
IF (DEBS .GE. 25.) GO TO 8 
DEBS = 25. 
IF (CAP(N'',IY) .LT. 25.) DEBS = CAP(NP,IY) 

8 AOFGD = 0. 
IF (DEBS .LE.CAP(NP.IY)) GO TO 9 
DEBS = CAP(NP,lY) 
WRITE (9,101) 

101 FORMAT (' PLANT CANNOT BEET AQ STANDARD HIT 
AQPGD = 1. 

9 CONTINUE 
SPENC = SPEN«CAP(HP,IY)»nTIL«8760./1.21 
IP (ISTYPE .GT. 1) GO TO 20 
CALL 3CPUBC (CAP (NP.IY), UTIL, PLGRT( 

- RC, CIN, ANCOST) 
10 3C03T= ( A N C O S T + S P E N C ) / C A P ( N P , I I ) • D E B S ^ ( 1 . • E S 

F C O S T ( N P , I Y ) = SCOST 
ANCBKU = S C O S T / ( C A P ( N P , I T ) • U T I L ^ 8 7 6 0 . ) 
ANCKW = S C O S T / ( C A P ( N P , H ) ' L E I ) 
WHITE ( 9 , 9 9 ) U T I L , SPEN 

99 FORMAT (• ANNUAL CAPACITY FACTOR ' , F 9 . 3 , ' 
- 2 , ' BILS KWHR ' ) 

WHITE ( 9 , 1 0 0 ) SCOST, ANCBKW, ANCKW, DEBS 
100 FORBAT ( ' ANNUAL FGD COST ' , E 1 1 . 6 , ' 

-DOLLARS PER K » ' , F 1 0 . 1 , ' S I Z E BW ' , F 1 0 . 3 ) 
SCOST = SCOST • B T U I N ( N P , I Y ) • H S C O S T ( N P ) • ) . 

- • 1 . E 5 
SCBKW = S C O S T / ( C A P ( N P , I Y ) • U T I L * 8 7 6 0 . ) 
WRITE ( 9 , 2 0 0 ) SCOST, SCHKW 

2 0 0 FORBAT ( ' ANNUAL FGD • HSC C O S T ' , E l 1 . 6 , ' 
RETURN 

20 SCOST = 1 . E 5 0 

. 1 2 

. 1 3 

. 8 5 
. 5 1 
. 3 1 
. 2 1 

H SCPUBBEP') 

H P ) , S O I P T , S T Y P E ( l ) , 

ESC) • • ( I I - « ) » 1 . 2 1 

SYSTEB PENALTI ' , F 1 0 . 

BILS K W H B ' . F I O . I , ' 

3 3 1 « ( 1 . ^ E S F H S ) » » ( I I - 1 ) 

BILS K W H B ' . F I O . I ) 
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0019 
0 0 5 0 

0 0 5 1 
0052 
0053 
0 0 5 1 
0 0 5 5 
0056 
0057 

no 30 1 = 1 . I S T I P E 
CALL 5CRUBC( C A P ( N P . I X ) . U T I L , 

- RC, C I N , ANCOST) 
I P (ANCOST . G E . SCOST) GO TO 30 
SCOST = ANCOST 
K = I 
CONTINUE 
ANCOST = SCOST 
GO TO 10 
EHD 

DATE = 7 5 0 7 0 0 8 / 2 8 / 0 1 

FLGRT ( N P ) , s r i L F I . S T Y P E ( I ) , 

FOBTRAH IV G LEVEL 21 SCRUBC DATE = 7 5 0 7 0 

0001 
0002 
0003 
0 0 0 1 

0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0 0 1 1 
0015 
0016 

0 017 
0018 

0019 
0020 
0021 

0022 
0023 
0021 
0025 
0026 

0 027 
0 0 2 8 

SUBROUTINE SCRUBC ( C A P , L F , F , S U L F Y , S T Y P E , B C , C I N . A N C O S T ) 
REAL • I L F , L O , B A N , I C , I U , D S (5 ) , D A ( 5 ) .OA (5) 
INTEGER STYPE 
DATA U S / . 7 7 / , L O / 2 2 5 0 0 0 . / , E P F / . a 5 / , B A N / . 0 7 5 / , D n / . I 5 / , 

- I C / . 3 8 / , l U / . l e / . D S / 2 ^ 1 5 . 0 5 . 1 ^ 1 2 . 2 0 / , D A / 1 2 5 . , 2 3 0 . , 6 0 0 . , 5 1 0 . , 6 3 5 . 
- / , U A / 6 8 . , 6 8 . , 1 8 . , 1 5 . . 1 1 . / 

Q = CAP • F 
SULP = SOLFY / 8 7 6 0 . 
H = CAP / 150 • . 9 9 
FS = 6 . 6 7 • H » ^ . 2 • C A P ^ ^ ( - . 3 5 ) 
FR = 1 . 5 - . 2 1 / 5 5 0 . • CAP 
I F (FR . L T . 1 .2 ) PR = 1 .2 
EXP = . 3 3 
I F ( S T I P E . E Q . 5) EXP = . 18 
FA = ( 5 . / 5 0 L P ) • • E X P 
SR = SULF • EFF / CAP • 2 . 
OSS = (DS(ST IPB) - 1 . 5 ^ C I N / C A P ) 
COST = (DSS • FS • FR • DA(STIPE) • FA • SR) • ( l . ^ D O ) • 

- ( l . ^ I C ) • ( l . ^ I U ) • CAP • 1 0 0 0 . 
CCC= C 0 S T / ( C A P ^ 1 . E 3 ) 
AHCOST = (DS • Q • SULFl • OA ( S T I P E ) ) • LF • LO • BAN • LF • COST 

• RC • COST 
ACC = AHCOST / CAP • l . B - 3 
WRITE ( 9 , 3 0 0 ) S T I P E , CCC, ACC 

300 FORBAT ( ' S C R U B B E R ( ' , 1 3 , ' ) CAP COST PER K W ' , F 1 0 . 1 , ' AHHUAL COST 
- PER K W ' , F 1 0 . 1 ) 

SPART = ((US^Q • S O L F I ^ O A ( S T Y P E ) ) • L F ) / ( C A P ^ 1 . E 3 ) 
GPART = (LO • B A H » L P « C 0 S T ) / ( C A P ^ 1 . B 3 ) 
CPART = ( R C » C 0 S T ) / ( C A P ^ 1 . E 3 ) 
WRITE ( 9 , 3 0 1 ) SPART, GPART, CPART 

301 FORBAT ( ' S H A H D L I H G ' , B I 2 . 6 , • 0 6 B ' , E 1 2 . 6 , " CAP C H G ' , E 1 2 . 6 , ' S P 
-EH KW ' ) 

RETORH 
EHD 
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0001 SUBROUTINE OUTPUT (INTI.TCAP) 
0002 COBBON /PLANT/ NPLANT,CAP(300,12),BTUIN(300.12).SOLPH(300), 

- BTULB(300) 
0 0 0 3 COBBON / E X / H T R A T ( 3 0 0 ) , H S C O S T ( 3 0 0 ) , B I L E S ( 3 0 0 ) , F L G R T ( 3 0 0 ) . 

- ECRAT(100) , A G E ( 3 0 0 ) ,ESFHS,WETFR ( 3 0 0 ) 
0 0 0 1 COBBON /LOCATE/ N A B E ( 3 , 3 0 0 ) . CODE(3 . 3 0 0 ) . S T A T E ( 1 0 0 ) , A Q C R ( 3 0 0 ) , 

- CnONTY ( 3 0 0 ) ,MINEMO(300) , U R B A N ( 3 0 0 ) 
0 0 0 5 COBBON /COMPLY/ T C O A L ( 1 2 ) , T S C R ( 1 2 ) , E X C O A L ( 1 2 ) , E X S C R ( 1 2 ) , A S S I G H ( 3 0 0 

- , 1 2 ) , L C O S T ( 3 0 0 , 1 2 ) , F C O S T ( 3 0 0 , 1 2 ) 
0 0 0 6 INTEGER A S S I G N , Y E A R ( 1 2 ) 
00 07 DATA YEAR/ ' 1 9 7 1 " . ' 1 9 7 2 ' . ' 1 9 7 1 ' , ' 1 9 7 1 ' , ' 1 9 7 5 ' , ' 1 9 7 6 ' . ' 1 9 7 7 ' , 

- • 1 9 7 8 ' , ' 1 9 7 9 ' , ' 1 9 8 0 ' , ' 1 9 8 1 ' , ' 1 9 8 2 ' / 
0 0 0 8 DATA B L K / ' ' / , E X / ' X ' / 
0 0 0 9 REAL COST ( 1 2 ) ,TC AP ( 1 2) ,SKH HR (1 2) .COBPLY ( 1 2 ) . C n B C A P ( 1 2 ) . T C 0 S T ( 1 2 ) 
0 0 1 0 1 0 2 FORMAT ( ' 1 RESPONSE AND COST IN MILS/KWHR FOR P L A N T S ' / 

- 1 5 X , ' 0 - - PLANT DOES NOT E X I S T ' / 
- 1 5 X , ' 1 - - BURNS HIGH SULPUB C O A L ' / 1 5 X . ' 2 - - BURNS LOW SULFUR COAL 
- ' / 1 5 X , ' 3 - - INSTALLS S C R U B B E R ' / 1 5 X , ' 1 - - COMPLIANCE NO POSSIBLE Wl 
-TH PRESENT S T A H D A R D S ' / / ' PLAHT N A M E ' , I X , 8 ( 9 X , A 1 ) / / ) 

0 0 1 1 1 0 1 FOHBAT ( ' 1 RESPONSE AND ANDAL DOLLAR COST OF P L A N T S ' / 
- 1 5 X , ' 0 — PLANT DOES NOT E X I S T ' / 
- 1 5 X , ' 1 - - BURNS HIGH SULFUR C O A L ' / 1 5 X , ' 2 - - BURHS LOH SULFUR COAL 
- ' / 1 5 X , ' 3 - - INSTALLS S C R U B B E R ' / I 5 X , ' 1 — COBPLIANCE HO POSSIBLE Wl 
-TH PRESENT S T A N D A R D S ' / / ' PLANT N A B E ' , I X , 8 (9K,A 1 ) / / ) 

0 0 1 2 6 0 1 FORBAT ( ' 1 PLANTS WHICH ARE HOT IN COBPLIAHCE WITH AIR QUALITY ST 
- A N D A R D S ' / ' WITH YEARS OF HON-COBPLIANCE I H D I C A T F D ' / / 
- ' PLANT N A B E ' , 3 X , a ( 9 X , A 1 ) / ) 

FOHBAT ( / 1 X , 3 A 1 , 8 I 1 3 ) 
FORBAT ( 1 6 X , 8 F 1 3 . 0 ) 
FORBAT ( 1 6 X , 8 F 1 3 . 3 ) 
FORBAT ( / / / ' TOTAL COST ( IN DOLLARS) OF LOW SOLPUR COAL AND SCRO 

-BBER5 FOB ALL PLANTS IN THE E E G I O N ' / 1 6 X , 8 F 1 3 . 0 ) 
0 0 1 7 5 0 0 FORBAT ( / / / ' AVERAGE COST ( I N BILS/KWHR) OF LOW SULFUP COAL AN 

- D SCHUBBFRS FOB ALL PLANTS TN THE R E G I O N ' / 1 6 X , 8 F 1 3 . 3 ) 
0 0 1 8 6 0 0 FORMAT ( I X , 3 A l , 8 ( 9 X , A l ) ) 
0 0 1 9 7 0 0 FORMAT ( / / / ' TOTAL CAPACITY ( IN MEGAWATTS) OF ALL PLANTS I N THE 

- E R E G I O N ' / ' WHICH ARE NOT IH COBPLIAHCE WITH AIR QUALITY STAR 
- N D A R D S ' / 1 6 X , 8 F 1 3 . 2) 

0 0 2 0 7 0 2 FORBAT ( / / / • TOTAL CAPACITI ( I N BEGAWATTS) OF ALL PLANTS IH TBB 
- E R E G I O N ' / ' WHICH ARE IN COMPLIANCE HITH AIR QOALITY STARDAR 
- D S ' / 1 6 X , B F 1 3 . 2) 

0 0 2 1 INT = INTY - 7 0 
00 22 D n 1 0 I Y = I N T , 1 2 
0 0 2 3 COBCAP ( l Y ) = 0 . 
0 0 2 1 SKWHRdY) = 0 . 
0025 10 TCOST{IY) = 0. 
0026 PRINT 101, (YEAR(IY) ,IY=INT, 12) 
0027 00 20 NP=1,NPLANT 
0028 DO 18 IY=INT,12 
0029 COST(IY) = 0. 
0030 IF(CAP(NP,IY) .EQ. 0.) ASS IGN (NP, lY) = 0 
0031 IF (ASSIGN(NP,IY) .EQ. 2) COST(IY) = LC05T(HP,TY) 
0032 IF (ASSIGN(NP,IY) .EQ. 3) COST(IY) = FC0ST(HP,II) 

0 0 3 3 18 TCOST(IY) = TCOST(IY) • COST(IY) 
PRINT 1 0 0 , ( N A M E ( I , N P ) , 1 = 1 , 3 ) , ( A S S I G N ( N P , I Y ) , I Y = I H T , 1 2 ) 

0013 
0011 
0015 
0016 

100 
200 
100 
300 

0 0 3 1 
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0035 
0036 
0037 
0038 
0039 
0010 
0011 

0012 

0013 

0011 
0015 
0016 
0017 
0018 
0019 
0050 
0051 
0052 
0053 
0051 
0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
0063 
0061 
0065 
0066 
0067 
0063 
0069 
0070 

PRINT 20 
PRINT 30 
PRINT 10 
DO 30 NP-
DO 2 8 II 
COST(II) 
IF (ASSI 

- HTRAT(H 
I F ( A S S I 

- • HTRAT 
I F ( A S S I 

- SKWHRd 
CONTINUE 
PRINT 10 
P R U T 1 0 
DO 32 I I 
SKWHR(IY 
PRINT 50 
PRINT 6 0 
n o 1 0 NP 
DO 3 1 lY 
COBPLY ( I 
NC = 0 
DO 3 8 H 
I F ( A S S I 
I F ( A S S I 
NC = 1 
COBPLY(I 
GO TO 3 8 
C O B C A P d 
CONTINUE 
I F (HC.N 
CONTINUE 
PRINT 7 0 
DO 1 2 I I 
COBCAP(I 
PRINT 7 0 
RETURN 
EHD 

( C O S T ( I I ) . 1 1 = I N T , 1 2 ) 
0 , ( T C O S T ( I T ) , I I = H T , 12) 
2 , ( l E A R ( H ) . I I = I N T , 1 2 ) 

1.NPLANT 
I N T . 1 2 
= 0 . 

G H ( B P . I I ) . E Q . 2) C O S T ( I I ) = LCOST ( N P . I I ) / B T O I N ( N P . I T ) • 
P ) • 1 . E - 1 0 
G N ( N P , I I ) . B Q . 3) C O S T ( I t ) = F C n S T ( N P , I I ) / BTOI» ( N P , I I ) 
(HP) • l . B - 1 0 

G H ( N P , I I ) . E Q . 2 . O R . A S S I G N ( N P , I I ) . E Q . 3) 
I ) = SKWHR(II) • B T U H ( H P . I I ) / HTRAT(»P) 

0 , (NABE ( I , H P ) , 1 = 1 , 3 ) . (ASSIGN ( N P . I I ) . H = I NT. 12) 
0 , ( C O S T ( H ) , I I = I » T . 1 2 ) 
= I H T , 1 2 
) = T C O S T ( I I ) / SKWHR(II) • 1 . E - 1 0 
0 , (SKWHR(IY) , I I = H T , 1 2 ) 

, (TEAR ( l Y ) , I I = I N T , 12) 
1 ,NPIANT 

= I N T , 1 2 
Y) = BLK 

= I H T , 1 2 
G N ( N P . I I ) . EQ. 1) GO TO 35 
GH ( N P . I I ) . H E . 1 . 0 8 . L C O S T ( N P . H ) . L T . l . ) GOTO 36 

I ) = EX 

Y) = C O B C A P ( I I ) • C A P ( H P . I I ) 

E.O) PBIIIT 6 0 0 . ( N A B B ( I , H P ) . 1 = 1 . 3) . ( C O B P L I ( I I ) . I I = I N T . 12) 

2 , ( C O H C A P ( I I ) , I I » I H T , 1 2 ) 
= I N T , 1 2 
Y) = T C A P ( I I ) - C O B C A P ( I I ) 
0 , ( C O B C A P ( I Y ) , I t = I H T , 1 2 ) 
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APPENDIX II. AIR QUALITY ANALYSIS 

The ratio of ground level concentration to power plant emissions is 

required for input to the policy evaluation model. The data needed to con­

struct this ratio was obtained primarily from a study conducted by Walden, 

Research Division of ,\bcor, Inc., for the U.S. Environmental Protection Agency. 

Maximum 24-hr ground level concentrations were conputed in that study for 

power plants in 51 Air Quality Control Regions. These estimates, along with 

the corresponding emission levels, have been incorporated into the data base 

for strategy evaluation. 

Estimates of ground level concentration for power plants within the 

five-state study region, but not modeled by Walden, were computed using the 

procedure described below. Emission levels and stack characteristics for 

these plants were determined using data obtained from the 1971 Federal Power 

Commission Form 67 and by assuming that coal-fired boilers are operating at 

90% of rated capacity throughout the day. 

The 24-hr ground level concentrations were computed using a single 

source Gaussian plume model similar to the one en̂ iloyed by Walden. The dis­

persion equation accounts for multiple reflection of the plume from the ground 
2 

and the stable layer above as suggested by Bierly and Hewson. The model uses 

diffusion coefficients based on Turner and the plume rise equation proposed 

by Briggs. The equations used in the model are listed at the end of this 

section. Ground level concentrations are confuted at specified distances 

downwind and crosswind for a given set of meteorological conditions (i.e., 

temperature, wind speed, stability class, and mixing height). In order to 

estimate maximum concentrations, a low wind speed of 2.5 nps, as suggested 

by EPA^ and the Tennessee Valley Authority," and moderately unstable atmos­

pheric conditions (Stability Class B) were assumed. The annual afternoon 

mixing height as determined from Ref. 7 was also input to the model. 

The dispersion equation provides an estimate of 1-hr average concen­

trations. To account for the daily variability of the weather conditions, the 

1-hr calculated concentration is divided by 4, as suggested by EPA, to obtain 

a 24-hr concentration. Tliis assumes that the wind direction on the day on 

which the critical wind speed occurs persists in one direction for 6 of the 

24 hours. 
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In cases where power plants are located in proximity, maximum ground 

level concentrations were computed by summing the contributions of each inter­

acting plant at the desired location. MEUcimum ground level concentrations 

occur when the wind direction is parallel to a line connecting the two plants. 

A local maximLiTi concentration is found downwind of the downwind power plant. 

When the wind is assumed to come from the opposite direction, a second local 

maximum concentration is found. The larger of these two values was conserva­

tively used in computing the concentration to emission ratio for both power 

plants. The applicability of the wind speed and direction was checked by 

conparing the assumed values with monthly average values reported in the 

Climatological Data, National Summary before the results were added to the 

data base. 

The modeling procedure described above contains numerous assunptions 

and liiTLLtations that limit its predictive accuracy for specific applications. 

As a result of these limitations, an additional site-specific evaluation of 

air quality should be performed for each power plant prior to implementation 

of any strategy based on the results of the air quality analysis performed in 

this study. 

The Plume Dispersion Equation used is presented below: 

x(x,0,z;H) 

exp 

n u ay a, [ L 2 V a^ ; _ 

- -1 (^^i^) exp 
H + 2 NL^ 

ov^ 1 / z + H + 2 NL\ 
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where 
X = concentration 

Q = emission rate 

u = wind velocity 

a , a = dispersion coefficients 
y ^ 

H = height at which the plume levels off 

L = height of the stable layer 

J = number of interactions necessary to include the 
important reflections ; 

if Oy/L >. 1.6 trapping model is used , 

X = -=r^ exp 
/2n 0 Lu 

]K^f] 
Plume Rise Equations: 

Neutral and Unstable Conditions 

Ah = 1.6 F^^^ u""̂  X ^̂ ^ when x < 3.5 x* 

Ah 1.6 F^/^ u'^ (3.5 x*)2/^ when x > 3.5 x* 

where 

and 

x* = 14m (F/mVsec^)^''^ when F < 55 mVsec' 

X* = 34m (F/mVsec^)^''^ when F > 55 mVsec^ 

Ah = plume rise 

F = buoyancy flux 

u = wind speed 

X* = critical downwind distance 

Stable Conditions 

Ah=2.9(y^' 

vdiere 

and 

s = Cg/T) i 

T = absolute air temperature 

g = acceleration of gravity 

g^ = temperature gradient of the atmosphere 
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APPENDIX III. FGD COST MODEL 

CAPITAL COSTS 

<̂= f^s^r^VaV^l^V^l^ V^l^ V 
Dg = Scrubbing process direct capital costs ($/kw) 

Costs for 500 Mw, 4 module basis plant. Cost includes 
scrubber with electrical and structural work, ductwork, 
fans, pumps, and reheat. 

D„ = 13.55 |/kw new plants 
= 15.05 $/kw old plants 

For lime/limestone process 

Fg = Gas flow rate and scrubber configuration adjustment factor. 
Ratio of plant direct costs to the basis plant. 

Fg = 6.67(n-^°)/(Q-^^) 

n = number of modules required by the plant 

Q = total plant size in Mw 

F = Retrofit difficulty factor 
Reflects the relative difficulty of retrofit as a function 
of plant size and age. 

F =1.00 new plants 
^ = 1.26-1.51 old plants 

D, = Alkali handling direct capital costs ($/lb S/hr) 
Costs for 500 Mw, 3.51 S coal basis plant. 

Dj = 425 ($lb S/hr) for lime/limestone process 

F = Sulfur rate scale factor 
^ Ratio of base case sulfur removal rate to removal rate 

of plant in question. 

F^ = (S/5)"-" 

S = plant sulfur removal rate tons/hr 

S = Plant sulfur rate (lb S/hr/kw) 
^ Rate at which plant scrubber will generate sulfur. 

S = function of fuel S content, scrubber efficiency, 
^ plant size. 

DQ = Other process direct costs 
Other direct costs as a percentage of direct costs. 

Dg = 0.15 (151) 
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I = Contractor indirect costs 
'' Indirect costs of constniction as a percentage of 

total direct costs. 

I =0.38 (38%) 
c 

I„ = User indirect costs 
Indirect costs to user not included in construction 
costs as a percentage of total investment cost. 

I = 0.18 (181) 
u 

ANNUALIZED COSTS 

A = (U Q + 8760 U S)L + L + MLC + R 
^ s a o c 

U = Scrubber utility cost ($/scfm/yr) 
^ Cost of electric power, steam and material supplies 

on an annual basis. 

U =0.77 $/scfm/yT for all processes 

Q = Design flue gas rate scfm 
Flue gas rate of plant in question. 

Q = 2 scfm/kw default value 

U = Alkali handling utility cost $/ton of S 
Cost of power and material supplies for alkali handling 
including waste disposal and product sale. 

U = 68 $/ton for lime/limestone process 

S = Design sulfur removal rate (tons/hr) 
Rate at which sulfur is generated by the plant in 
question. 

S = function of fuel S content and scrubber efficienc:y 

L = Plant annual load factor 
Data input for each plant. 

L = Operating labor and overhead cost $/yr 
° Estimated value for operations. 

L = 225,000 $/yr 

M = Maintenance costs as a fraction of investment 
Costs for maintenance and overhead at full load. 
M = .075 (7.51) 

C = Total capital investment ($) from previous equation 

R = Capitalization rate 
Capital charges for depreciation, profit, taxes, and 
insurance. 

R^ = .175 (17.51) 



IV. 1 

APPENDIX IV. SYSTEM OOST CALCULATI»JS 

SYSTEM DESCRIPTION 

The peak demand to be met by the system is 6130 Mw. The structure 

of the monthly loads is such that a summer peak is assumed and no unit main­

tenance is scheduled during June, July, and August. The generating units are 

grouped on the basis of size and forced outage rate as follows: 

Size Forced 
Group 

1 
2 
3 
4 
5 
6 
7 

Number 

1 
3 
4 
8 
10 
10 
8 

Type 

Nuc. 
F 
F 
F 
F 
F 
GT 

(Mw) 

800 
600 
300 
150 
100 
60 
50 

Outage Rate 

0.10 
.07 
.05 
.05 
.03 
.04 
.05 

The nuclear unit in Group 1 is of modest size; units in Groups 2-5 

are fossil-fired, steam-electric type. Group 6 represents the oldest class 

of steam units; Group 7 contains combustion turbines for peaking and emergency 

service. The average size of a unit in Groups 2-6 is 165 Mw, which represents 

the expected average size of fossil units in 1976. 

The calculatlonal procedure involves dividing the year into 26 two-

week periods for purposes of scheduling maintenance; the duration and distri­

bution of unit maintenance is: 

Group 2 Weeks 4 Weeks 6 Weeks 8 Weeks 

1 - - - 1 
2 - 3 - -
3 - 3 - 1 
4 6 - 2 -
5 8 2 - -
6 7 3 - -
7 - - - -

On this basis, the scheduled outage plus peak load during a two-week 

period ranges from about 4700 Miv' in early spring and fall to 6130 Mw in the 

sumer. 
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Power from other utilities is available to the reference system. 

Firm purchases are 250 Mw during the 12 summer weeks; in addition, 400 Mtf 

of additional capacity are assumed available, but not scheduled. (In the 

calculations, the 400 Mw are actually used by the system.) The reference 

system reserve margin is calculated to be 19%. This corresponds to a loss-

of-capacity of once in four years. 

The other characteristics of the system will be described under cost 

factors. 

COST FACTORS 

All the costs are based on a nominal end of 1974 economic conditions 

(before impact of coal mine labor contract conditions are known). Fuel costs 

and annual average heat rates can be specified on a unit-by-unit basis; how­

ever, for the purposes of these approximate calculations, all units with a 

given size have equal heat rates, except, of course, the unit being studied 

that has flue gas treatment or uses low sulfur Western coal. 

For any utility in the five-state region under study, coal costs vdll 

vary from plant to plant. In addition, the coal costs recently have undergone 

large changes. For the year 1972, the U.S. electric utility average coal cost 

was 38.2(t/MBtu.* For the month of May in 1973, the average purchase price by 

utilities was 39.5î /MBtu.** By May of 1974, the purchase price had increased 

to about 66if/MBtu. In this same publication, the average coal price was 

6S((:/MBtu for the five-state area being investigated. To account for real 

costs in 1976, the price (1974 dollars) of high sulfur coal is assumed to be 

70(f/MBtu for all electrical generating units of 150 Mw or more. For all smaller 

units, which consume only a small amount of coal and which may also bum some 

low sulfur coal, the average price is assumed to be 80it/MBtu. The combustion 

turbines are assumed to bum mainly distillate oil and a small amount of 

natural gas; the average price is estimated to be 180it/MBtu. Two alternative 

calculations are made for prices of low sulfur fuel. An 80it/MBtu price, which 

in part is based on the Asbury and Costello report,*** is used in conjunction 

*Steam-Electric Plant Factors, 1973 Edition, National Coal Association, 
Jan. 1974. 

**FPC News, Aug. 30, 1974. 
***Price and Availability of Western Coal, ANL/ES-37, Dec. 1974. 
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with the 70'tAlBtu regular fuel cost. The other alternative price is 90lf/̂ B̂tu 

for low sulfur coal. Thus, the basic fuel price differential for the units 

will be Wi and 20(J/MBtu. 

The annual heat rates for the plants are: 

Group 

1 
2 
3 
4 
S 
6 
7 

Size 

800 
600 
300 
150 
100 
60 
50 

Heat Rate 
(Btu/kw-hr) 

10500 
9400 
9650 
10300 
11000 
12500 
13000 

For the fossil-fired, steam-electric generating units, the system 

average heat rate is about 9700 Btu/kw-hr. This is a good steam-electric heat 

rate on a system basis; in 1971, only four systems in the U.S. had heat rates 

lower than this.* 

Heat rate adjustments are made for the units that bum low sulfur 

fuel or use flue gas desulfurization. The addition of a flue gas desulfuri­

zation reduces the plant output by 2-7%.** Estimates of reduced output caused 

by burning low sulfur fuel are more difficult to find. High moisture can 

seriously reduce capacity. For this study, a 5% increase in the heat rate 

will be used for flue gas treatment plants; a 2-1/2% increase will be applied 

to units using low sulfur fuel. These penalties are somewhat arbitrary, but 

reasonable. 

The operating and maintenance costs for the steam-electric plants 

using fossil fuel were formulated based on a constant cost per kw ($2/kw), 

plus a cost per kw-hr (0.8 ĵ rpff) generated for 600- and 300-Mw units. For 

a system with a 50% capacity factor, the average 0 § M cost would be 1.3 mills/ 

kw-hr. As a comparison, the 1971 cost for all fossil-fuel, steam-electric 

plants in the U.S. was 0.94 mills/kw-hr at '^ 54% capacity factor. In the 

November 1973 issue of Electrical World, the 18th steam-electric survey 

*FPC, Steam-Electric Plant Construction Cost and Annual Production Expenses -
1971, Feb. 1973. 

**Radian Corporation, Factors Affecting Ability to Retrofit Flue Gas Desul­
furization Systems, Dec. 1973. 
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indicated that for new plants operating throughout 1972 and with initial commer­

cial operation after 1970, the 0 § M cost was 0.72 mills/kw-hr for units with 

an average capacity factor of about 58%. Based on past comparisons, it would 

be expected that the 0 § M cost for these large ('v. 740 Mw, average) modem units 

would be lower than the average for a complete system. 

The operation and maintenance cost for the unit using flue gas desul­

furization techniques was assumed to be the same as the base unit, plus an 

0 § M cost for the flue gas treatment adjunct. The incremental 0 § M annual 

cost was assumed to be proportional to the size of the unit and the amount of 

sulfur to be removed (this assumed removal of about 80% of 3-1/2% sulfur coal). 

The cost factors are: 
600 Mw 300 Mw 150 Mw 

$/kw 3.5 4. 4.6 

$/ton of sulfur 52 60 69 

These estimates were based on the paper by Burchard at the 'Technical 

Conference on Sulfur in Utility Fuels: The Growing Dilemma."* For a 300-Mw 

plant at 50% capacity factor using 3-1/2% sulfur fuel, this cost amounts to 

about 1.7 mills/kw-hr. As can be seen, these numbers are rather specific; 

however, there are many proposed commercial processes. The cost factors are 

selected to yield a general indication of the incremental costs and the esti­

mated operation and maintenance costs vary considerably among them. 

The incremental 0 5 M costs for units using low sulfur fuel have not 

been extensively do<aimented. In general, there is a need to handle much more 

fuel in the coal yard, as well as in the coal cirishing, pulverizing and feed­

ing equipment. Ash removal from the flue gas and handling problems are 

increased. Operational problems influenced by slagging characteristics of 

the coal, as well as increased ash load on furnace, generally contribute to 

higher maintenance and operating costs. For the purposes of this study, the 

0 § M conventional costs are increased by 10% to account for the use of low 

sulfur fuel in old facilities. 

The last major cost item included is the assignment of costs for 

incremental capacity needed to maintain system reliability. This includes 

the capability penalty not only for any "increased forced outage rates but 

*Electrical World, Proceedings on Technical Conference Sulfur in Fuels, 
Chicago, Oct. 25-26, 1972. 
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also the penalty for derating the units with flue gas treatment equipment or 

burning low sulfur fuel. The annual penalty is estimated to be $30/kw of 

needed capability. This cost may be thought of as the annual capital costs 

for combustion turbines purchased for peaking, or as a cost of demand capability 

purchased during the peak-load season (also possibly at other times of the 

year), or as an incremental cost to provide additional capability with the 

construction of a new generating unit. 

CALCULATIONS AND RESULTS 

Three nominal sizes of generating units were studied: 150, 300, and 

600 Mw. The investigations were made by varying the loading order of each of 

these units in the reference system. For example, the costs and performance 

were calculated for the 600-^k unit in the 2, 4, 8, and 16 positions of the 

loading order sequence. The capacity factor varied from about 80% in the 

number 2 position to about 10% in the number 16 position. Three system cal­

culations were made for each position: 

1. The reference unit with no FGD equipment 
ijut using high sulfur coal. 

2. The reference unit with FGD equipment. 

3. The reference unit burning low sulfur fuel. 

In addition, calculations were made to illustrate the impact of various incre­

mental forced outage rates for units using FGD. (The incremental forced 

outage range studied was from 0 to 0.15.) For units burning low sulfur fuel, 

the two cases calculated were for 80-90(t/MBtu fuel. These fuel prices corres­

ponded to incremental costs of 10-20if/MBtu fuel for the level of system used. 

A complete set of calculations was initially intended for each reference size; 

however, the results indicated that size was not an inportant parameter in the 

conparison of the operational penalty (when expressed in mills/kw-hr). 

The system performance in terms of annual cost for fuel and opera­

tion and maintenance, together with the reliability in terms of megawatts 

needed to meet the reliability criterion of loss-of-capacity once in four 

years, were estimated for the reference unit with no FGD equipment, but using 

high sulfur fuel. Similar calculations were then made for the FGD and low 

sulfur fuel cases. Cost differentials were calculated under the label of 

four factors: 
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1. System fuel consumption. 

2. System operations and maintenance variations. 

3. Capability needed to meet reliability criterion. 

4. Incremental 0 5 M requirements for FGD or low 
sulfur fuel alternatives. 

The sum of these four cost differentials is called the operational penalty for 

use of either alternative. In the utility response simulation, the incremental 

0 5 M cost for FGD was not included since the scrubber cost model accounts for 

this factor (see App. III). 

The results are plotted in Fig. IV.1. Some information on runs made 

is given schematically in Table IV.1. 

The contributions of the four factors varied from case to case; how­

ever, the variations in system 0 § M costs were consistently small (2%) and 

could easily be neglected in future calculations. In contrast, the incremental 

0 § M required for FGD was always a large fraction of the total cost. 

The incremental forced outage rate for a unit with the FGD equipment 

was assumed to be 0.1. In order to observe the impact of other forced outage 

rates, cases were calculated over the range from 0 to 0.15. Some results are 

shown in Figs. IV.2 and IV.3, including and excluding, respectively, the 

incremental 0 5 M due to FGD equipment. Figure IV.3 additionally presents 

results that show the impact of capacity factor on the relationship between 

penalty and forced outage rate -- the slope of the curve becomes steeper with 

lower capacity factor. 
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Table IV. 1. System Cost Estimations 

-- Output of nominal unit 600, 300, and 150 Mw. 

— Output with the FGD decreased by 5%; base cases with incremental forced 
outage rate of 0.10. 

-- Output with low sulfur fuel decreased by 2-1/2%; base cases with incre­
mental forced outage rate of 0.02. 

600 Mw: 

Inc. Operating Cost 
L.O. Capacity Factor Mills 1 kw-hr 

Nominal Unit (70it/MBtu fuel) 

2 0.821 
4 .818 
8 .548 

16 .137 

FGD (70(t/MBtu fuel) 

2 0.728 2.393 
4 
8 .494 3.115 
16 .127 9.643 

LSC (80.t/MBtu fuel) 

2 0.816 1.475 
4 
8 .535 1.628 

16 .134 2.948 

300 Mw (similar runs) 

150 Mw (similar runs) 

Forced outage variations of 0, 0.05, and 0.15 for 600, 300, and 150 m 
unit with FGD. 
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0 

— 

~̂ 

—^y 

1 1 1 1 

^ 600 MW ,0,5 CF 

^ y ^ ^ ^ , ^ 6 0 0 MW ,0 .82 CF 

^ ^ NOTE: EXCLUDES INCREMENTAL 
O a M FOR FGD 

1 1 1 1 

— 

— 

0 i05 ,10 .15 ,20 
FORCED OUTAGE RATE 

Fig. IV.3. Operational Penalty vs Forced Outage Rate - FGD 05M Excluded 
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APPENDIX V. SBULATION RESULTS 

The following data sheets give results for the policry analyses and 

the parametric studies. For each simulation, the initial year of enforcement 

is given for each relevant policy option. Also given are any changes in simu­

lation parameters from the base case used in the polii^ analyses. 

The possible policy options include: 

State Inplementation Plans (SIP) 

National Ambient Air Quality Standards (NAAQS) 

New Source Performance Standards (NSPS) 

Intermittent Controls (IC) 

(Note that the use of FGD is expressed in Ntsr of scrubbers, not Mw of plant 

capacity.) 

Runs 31-36 apply the indicated emission limit to all existing plants 

in 1977. 

All costs are in 1974 $. 

The NAAQS are represented by the 24-hr primary SO2 standard of 365 

yg/m^ less a background of 75 yg/m'. This is consistent with the Walden Report 

(see App. II). 



No. 

10 

2 

29 

3 

30 

TTT" NAAQS 
Policy 
NSK TT 

1975 

1977 

1977 

1980 

1980 

1975 

1975 

1977 

1975 

1977 

Parametric Changes 

None 

1975 

1977 

1977 

1980 

1980 

1980 

1975 

1975 

1977 

1975 

1977 

1980 

None 

12 1975 
1980 

1975 
1975 1975 

urban 
rural 

None 

31 

32 

33 

34 

35 

36 

1977 

1977 

1977 

1977 

1977 

1977 

1977 - 1.21 lb S02/MBtu 

1.50 

2.00 

2.50 

3.00 

3.50 



No. STF" 

13 

14 

45 

17 

18 

46 

44 

15 

16 

48 

47 

42 

43 

SO 

37 

38 

39 

NAAQS 
Policy 
NSPS IC 

1975 1975 

1975 

1975 

1975 

1975 

1977 
1980 

-

1975 

1977 

1977 
1980 

-

1975 

1977 

-

1977 

1977 
1980 

1977 

1977 

1977 

1977 

1977 
1977 

1975 

1975 

1977 

1977 
1977 

1975 

1975 

1977 

1975 

1977 

1977 
1977 

1977 

1977 

1977 

1977 

- urban 
1977 rural 

-

-

-

- urban 
1977 rural 

-

-

-

-

-

- urban 
1977 rural 

-

-

-

-

Parametric Changes 

No system reliability costs 

No system reliability costs 
and 0% cost difference in assignment 

0% cost difference in assignment 

10% cost difference in assignment 

50% cost difference in assignment 

Annual cost of LSC raised ̂ % 

" 201 



No. SIP N A A Q S 

Policy 
NSPS IC Parametric Changes 

40 

41 

52 

51 

19 

20 

21 

22 

23 

24 

27 

28 

25 

26 

49 

53 

54 

55 

56 

1975 

1975 

1975 

1975 

1975 

1975 

1975 

1977 

1977 

1977 

1977 

-

1975 

-

1975 

-
1975 

-

1975 

-

1975 

1977 

-

1975 

-

1975 

1977 

1977 

1977 

1977 

1975 

1975 

1975 

1975 

1975 

1975 

1975 

1975 

1975 

1975 

1977 

1975 

1975 

1975 

1975 

Annual cost of LSC raised 25% 

30% 

" 35̂ % 

" m 

Annual cost of LSC raised 20% 

Annual cost of FGD raised 2^% 

LSC boiler conversion cost decreased 50% 
It 

Siipply growth of FGD decreased 
It 

Supply grovrth of LSC increased 

II 

F.O.R. increase of 0.05 in FGD system cost 
It 

F.O.R. increase of 0.00 in FGD svstem cost 



NO. Policy: SIP 1977 NSPS 1980 Parametric Changes: None 

LSC (10° Tons) 

.1 
in cd 
in o 

FGD (10-^ Mw) 

T3 +J 
c tn g o e u 

a^ 
tn oi 
in «J 
(U -1 
o 
iSs 

Response (10 4̂̂ )̂ Annual Compliance Cost 

0) 

g 

I 
in 
r-l 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

13.2 

14.2 

25.2 

34.1 

45 .3 

60.0 

79.6 

9.6 0 

14.1 3.9 

25.2 140.0 

34.1 137.0 

45 .3 121.2 

60.0 87.4 

79.6 72.9 

1982 106.1 106.1 52.4 

0.88 0 0 

0.88 0 0 

0.88 0.87 0 

2.74 2.74 0 

6.74 6.66 0 

15.11 15.06 0 

33.12 19.42 0 

33.12 19.44 0 

69.48 0 

72.14 1.09 

18.98 57.79 

24.37 55.19 

32.63 50.75 

48.55 38.79 

65.50 26.74 

76.09 20.22 

0.37 

0.62 

1.51 

2.43 

4.31 

7.51 

10.27 

11.86 

0.53 2.10 

0.86 2.32 

7.96 2.56 

9.97 2.64 

13.21 2.97 

15.47 3.18 

15.68 3.13 

15.59 3.02 

38.88 To ta l 



No. : 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

3 

LSC 

CO 

13.2 

14.2 

25.2 

31.1 

39.9 

51.7 

67.2 

87.4 

Po l i cy : SIP 1980 

(10^ • 
Ut
il
iz
at
io
n 

9.6 

14 .1 

22.9 

30.5 

39.8 

51.7 

67.2 

87.4 

Tons) 

Ex
ce
ss
 D
em
an
d 

at
 L
ea
st
 C
os
t 

0 

3.9 

0 

0 

2.1 

147.3 

141.5 

122.6 

NSPS 

FGD 

Su
pp
ly
 

0.88 

0.88 

0.88 

0.88 

0.88 

0.88 

2.74 

6.74 

1975 

(10-^ Mw) 

Ut
il
iz
at
io
n
 

0 

0 

0 

0 

0 

0.87 

2.74 

6.70 

Ex
ce
ss
 
De
ma
nd
 

0 

0 

0 

0 

0 

0 

0 

0 

Paramet r ic Changes: None 

at
 
Le
as
t
 C
os
t
 

Response 

u 

u 
•H 

t 
69.48 

72.15 

76.77 

79.56 

82.80 

27.54 

34.41 

45.58 

(10^ yin) 

i 
•H 

u 
t 

1 
0 

1.09 

0 

0 

0.59 

59.80 

57.83 

50.72 

Annual 

•«« 

oo 
o 

0.37 

0.62 

0.98 

1.20 

1.57 

2.41 

3.96 

6.69 

17.80 

Compliance 

0.53 

0.86 

1.28 

1.51 

1.90 

8.75 

11.51 

14.68 

To ta l 

mi
ll
s/
kw
-h
r 

9 

2.10 

2.32 

2.13 

1.92 

1.91 

2.11 

2.49 

2.89 

< 
as 



No.: 4 Policy: NAAQS 1975 NSPS 1975 Parametric Changes: None 

LSC (10^ Tons) FGD (10^ Mw) Response (10 J^) Annual Compliance Cost 

4> 

S s u o p , " < " • - ! •? 
• H 53 '^ 
4-j a V ti 

(/) U rH -H 

i3 at CO 3 i2 m 

in Co R l ^ 

en V 
o 

1975 13.2 13.2 53.3 0.88 0.86 0.20 

1976 17.2 17.2 52.4 2.71 2.69 0.20 

1977 29.1 29.1 48.5 6.64 6.64 0.02 

1978 38.8 38.8 25.7 15.12 12.98 0 

1979 51.3 51.3 23.3 26.63 13.38 0 

1980 67.5 67.5 16.3 26.63 13.83 0 

1981 88.9 88.9 7.7 26.63 13.83 0 

1982 117.7 117.7 0 26.63 13.83 0 

28.79 

33.04 

44.35 

67.13 

71.50 

78.56 

86.73 

94.25 

40.69 

40.19 

32.42 

12.43 

11.89 

8.77 

5.51 

2.06 

0.88 

1.38 

3.22 

5.42 

6.26 

7.35 

8.61 

9.72 

42.84 

3.06 

4.18 

7.26 

8.07 

8.76 

9.36 

9.93 

10.31 

To ta l 

1.84 

1.96 

2.37 

2.12 

2.19 

2.24 

2.27 

2.31 



No.: 5 Policy: NAAQS 1977 NSPS 1975 Parametric Changes: None 

LSC (10^ Tons) FGD (10^ Mw) Response (10^ MJ) Annual Compliance Cost 

4) 

r* I*. c m C 

U) nj in 
ra >^ N (n 03 

oj 

• H 
__ rH _ 

_ Q. -H U 

UJ nl CO 3 M ca 

y 

f i H - H U I I U rH . H W O ) i H U 
Q, rH l U J P . r H « . J & i . 

Z 

u 
u 5 S CJ « IJ •? 

1975 13.2 10.2 0 0.88 0.69 0 67.88 1.60 

1976 14.2 14.1 4 .5 2.16 0.69 0 70.14 3.09 

1977 25.2 25.2 68 .1 2.16 2.14 0.21 32.66 44.11 

1978 34.1 34.1 55.7 5.27 5.27 0.17 41.67 37.89 

1979 45 .3 45 .3 30.6 12.01 11.98 0.03 64.67 18.71 

1980 60.0 60.0 25.0 26.42 14.40 0 74.34 13.00 

1981 79.6 79.6 19.5 26.42 14.47 0 81.60 10.65 

1982 106.1 105.4 0 26.42 14.47 0 94.25 2.06 

0.60 

0.83 

1.77 

2.94 

5.32 

7.17 

8.63 

10.20 

37.46 

0.88 

1.18 

5.42 

7.06 

8.23 

9.64 

10.56 

10.82 

Total 

2.54 

2.62 

2.30 

2.26 

2.06 

2.26 

2.39 

2.38 



No.: _6 Policy: NAAQS 1977 NSPS 1977 Parametric Changes: None 

LSC (10^ Tons) FGD (10^ Mw) Response (10"̂  Nif) Annual Compliance Cost 

I 
U O E CJ "̂  ' I j •? 

I 4J 

in n >> 
in V 

8.3 
ei, rH 0) r J 

^ (J rH I 

O e. -H o B e 00 ,x T-i 

flc3 c a o u J r t u z f H « » a 

19/b 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

" 

-

22.2 

30.3 

40.6 

54.1 

72.2 

96.8 

" 

-

22.2 

30.3 

40.6 

54.1 

72.2 

96.8 

-

77.13 

70.4 

57.8 

26.9 

27.7 

8.13 

0.88 

2.71 

6.62 

15.03 

31.21 

31.21 

0.86 

2.67 

6.61 

14.42 

14.46 

14.48 

0.42 

0.21 

0.17 

0 

0 

0 

28.97 47.81 

35.68 43.88 

46.71 36.67 

71.73 15.61 

78.67 13.58 

90.21 6.10 

1.28 

2.15 

3.73 

6.72 

8.18 

9.74 

31.80 

4.42 

6.02 

7.98 

9.37 

10.40 

10.80 

Total 

2.38 

2.26 

2.34 

2.25 

2.38 

2.38 



No. : J_ Policy: NAAQS 1980 NSPS 1975 Parametric Changes: None 

LSC (10^ Tons) FGD (10^ 1^) Response (10 H,f) Annual Compliance Cost 

>!• 

^8 I u 
I" - I" § ••3. t 
in td > , M i n o J • j j r ? *« . u? 
U . J D. rH <U r J 
O E H U H B 0 ^ ~ . ' r H 

1975 13.2 10.3 0 0.88 0.69 0 69.88 1.60 0.60 0.86 2.54 

1976 14.2 14.1 4.5 2.16 0.69 0 70.14 3.09 0.83 1.18 2.62 

1977 25.2 23.7 0 2.16 1.05 0 74.93 1.85 1.33 1.77 2.42 

1978 34.1 31.3 0 2.16 1.17 0 77.72 1.85 1.60 2.06 2.21 

1979 45.3 42.0 0 2.16 1.54 0 81.54 1.85 2.15 2.64 2.18 

1980 60.0 60.0 69.7 2.33 2.31 0.07 44.48 42.85 3.68 8.27 2.31 

1981 79.6 79.6 58.5 3.96 3.95 0.04 53.75 38.50 5.47 10.18 2.51 

1982 106.1 106.1 22.7 7.48 7.48 0.04 74.40 21.91 8.19 11.01 2.45 

23.85 Total 



No.: 8 Policy: NAAQS 1980 NSPS 1977 Parametric Changes: None 

LSC 

>, 

(10^ 

e 
S •H 
* i 
Cd 

ill
 

Tons) 

"O +J 

§8 
« u Qi 
Q +J 

in CO 
in » 

8.3 

FGD (lO'̂  Mw) Response (10 Nif) Annual Compliance Cost 

y 

a 
, o 
I CJ 

S h 

. a 
(n v 
u 

. § 1 ^ 

1975 - - - . - - - - -

1976 - - - . - -

1977 22.2 21.9 5.9 0.88 0 0 73.30 3.47 1.00 1.36 2.24 

1978 30.2 29.4 5.8 0.88 0 0 76.12 3.44 1.28 1.68 2.06 

1979 40.6 39.8 7.2 0.88 0 0 79.56 3.82 1.72 2.16 2.00 

1980 54.1 54.1 78.5 0.88 0.86 0.03 40.64 46.69 2.75 6.77 2.10 

1981 72.2 72.2 72.6 2.71 2.69 0.04 50.28 41.96 4.68 9.31 2.44 

1982 96.8 96.8 40.2 6.62 6.60 0.04 66.35 29.96 7.37 11.11 2.57 

18.80 Total 



No. : 9 Policy: NAAQS 1980 NSPS 1980 Parametric Changes: None 

LSC (10° Tons) FGD (10-̂  Mw) Response (10 H.f) Annual Compliance Cost 

g 
in n 
in ID 
<u . J o 
a n! 

D. 

CO 

a 
o 

'. CJ 

en 9> 
D rJ 
o 
PS' 

J3 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

~ 

-

-

-

-

28.2 

36.2 

46.6 

" 

-

-

-

-

28.2 

36.2 

46.6 

-

-

-

-

109.1 

113.5 

96.4 

0.88 0.88 0.04 

2.76 2.74 0.04 

6.74 6.72 0 

32.92 54.41 

38.37 53.87 

50.62 45.70 

1.25 3.80 1.54 

2.28 5.94 2.02 

• 5.57 7.05 1.92 

7.10 Total 



No.: 10 Policy: SIP 1975 NSPS 1975 Parametric Changes: None 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

^6 .r ^ T^^ r - , r , 3 . ^ . n , „ r i n 3 LSC (10 Tons) FGD (10 1^) Response (10 Nir) Annual Compliance Cost 

T3 4-> y 
in 

§ 1 5 g i 5 « " * 
4-1 Q 4J 4J ( 3 +J 
rt in rt w 
N m r a >s M m rt 

. r t m 0) rH -rt in « 
rH 0] .-J O. rH 1) r j 
. H U & *'"' ^ 

S [2 rt c« S W rt 

13.2 13.2 98.4 0.88 0.87 8.37 14.78 54.70 

17 .3 17 .3 121.4 2.74 2.74 2.41 17.93 55.30 

29 .1 29.1 118.9 6.76 6.71 0 27.69 49.08 

38.8 38.8 86.8 15.24 15.22 0 44.65 34.91 

51 .3 51 .3 71.2 33.52 18.73 0 55.13 28.25 

67.5 67 .5 67.8 33.52 19.71 0 61.60 25.73 

88.9 88.9 60.8 33.52 19.71 0 69.19 23.05 

117.7 117.7 36.1 33.52 19.74 0 81.64 14.67 

0.92 

1.56 

3.40 

6.16 

7.96 

9.15 

10.66 

12.43 

52.24 

6.22 

8.70 

12.28 

13.80 

14.44 

14.85 

15.41 

15.22 

Total 

2.89 

2.96 

3.13 

3.04 

3.05 

3.05 

3.07 

2.97 



SIP Urban 1975 
IC Rural 1975 

NAAQS Rural 1980 
No. : 12 Policy: NSPS 1975 Parametric Changes: None 

LSC (10^ Tons) FGD (10^ Mw) Response (10"̂  ̂4̂f) Annual Compliance Cost 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

iqft2 

>. 
f^ a. 

Su
p 

13.2 

17.2 

29.1 

38.8 

51.3 

67.5 

88.9 

117.7 

c 
o •r-\ 
4H 
ra 

•r^ 
r-i 

U
ti 

13.2 

17.2 

29.1 

38.8 

51.3 

67.5 

88.9 

117.7 

T3 +J 

c m B o ^ u 
a ')-> 
m m 
m (U 
<0 r J 
u 

74.8 

83.5 

65.8 

46.2 

44.5 

57.4 

48.9 

25.6 

X 
T-t 
a. 

Su
p 

c 5 •H 
4-1 
rt 

• H 
r-{ 

U
ti

 

T3 +J 
e in 
rt o 
e CJ 

a^ 
tn CO 
m OJ 
0) J 
o 

as 

0) D
U

E
T

 

s-
CJ 

u 
I 

0.88 0.85 2.01 35.07 34.41 

2.66 2.65 0 38.97 34.26 

6.53 6.46 0 48.37 28.40 

14.67 11.43 0 62.25 17.32 

22.10 11.43 0 67.04 16.34 

22.10 16.61 0 65.01 22.33 

27.75 16.61 0 72.42 19.83 

27.75 16.61 0 85.26 11.05 

0.81 

1.46 

3.05 

4.79 

5.53 

8.08 

9.46 

11.22 

44.40 

2.31 

3.75 

6.30 

7.69 

8.25 

12.43 

13.06 

13.16 

To ta l 

2.78 

3.00 

3.13 

2.91 

2.89 

2.70 

2.73 

2.68 



No. 13 Policy: SIP 1975 NSPS 1975 Parametric Changes: System reliability penalty deleted 

LSC (10^ Tons) FGD (10^ Mw) Response (10 H<) Annual Compliance Cost 

ra tJ T5 +J y 

§ g o g i " »j -H f 

1979 

1980 

1981 

V) 

•M a^ 

5 B 3 S CS S P J C B C J Z 

1982 117.7 113-0 0 66.86 33.03 0 96.13 0.18 

^ 

1975 13.2 13.2 79.3 0.88 0.87 13.93 14.57 54.91 

1976 17.2 17.2 85.7 2.73 2.72 12.12 17.64 55.60 

1977 29.1 29.1 79.4 6.70 6.70 10.37 27.83 48.94 

1978 38.8 38.8 65.9 15.26 15.24 5.50 41.27 38.29 

51.3 51.3 28.7 33.61 31.63 0 70.67 12.72 

67.5 67.5 23.2 66.86 33.02 0 77.94 9.39 

88.9 88.9 16.0 66.86 33.02 0 85.69 6.56 

0.73 

1.19 

2.66 

4.70 

8.18 

9.24 

10.32 

11.71 

48.73 

5.01 

6.75 

9.56 

11.39 

11.57 

11.86 

12.04 

12.18 

Total 

2.37 

2.31 

2.38 

2.44 

2.42 

2.42 

2.41 

2.43 



No. 14 Policy: NAAQS 1975 NSPS 1975 Parametric Changes: System reliability penalty deleted 

LSC (10^ Tons) FGD (10^ Mw) Response (10^ 1^) Annual Compliance Cost 

g IcS 
• H 0 

CO W 
>.^ t^ t/) cO 

rH -H W O ) 
P . rH O ~ 

FGD 

>, 
T-t 
CL. 

Su
p 

0.88 

2.71 

6.61 

(10^ Mw) 

g •H 
y 
rt 

,M 
rH 
• H *-> 
3 

0.86 

2.68 

6.60 

TJ +J 

S o 
a o 
Q 4-> 

m CO 
m t) 
0) .J 

as 

7.75 

7.72 

6.13 

S - H U Q , - H CJ g g 

.§* ±' ^ * ^ . r ±i ,>1t! S o 

u 
.a 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

13.2 13.2 37.6 0.88 0.86 7.75 28.79 40.69 

17.2 17.2 37.2 2.71 2.68 7.72 32.56 40.68 

29.1 29.1 31.3 6.61 6.60 6.13 43.46 33.32 

38.8 38.8 15.2 15.02 15.02 1.78 59.48 20.08 

51.3 51.3 3.6 33.11 19.76 0 80.55 2.84 

67.5 65.6 0 33.11 20.07 0 86.49 0.84 

88.9 81.4 0 33.11 20.07 0 91.40 0.84 

117.7 95.3 0 33.11 20.07 0 95.47 0.84 

0.72 

1.18 

2.66 

4.47 

5.98 

6.66 

7.40 

8.01 

37.08 

2.50 

3.62 

6.12 

7.52 

7.42 

7.70 

8.10 

8.39 

To ta l 

1.50 

1.74 

2.01 

2.01 

1.79 

1.81 

1.84 

1.87 



10% cost difference 
No.: 15 Policy: SIP 1975 NSPS 1975 Parametric Changes: in response assignment 

LSC (10^ Tons) FGD (10^ Mw) Response (10^ W) Annual Compliance Cost 

•^ *i T3 4-, y 

u 
a 

u a, .rt Ji 

>. N mm >. N i n r t 
• ^ .rt in V ri J:! if! "̂  O K . H O g g ° ? . , C ^ 

a s c T l S u J C O O Z r H - « « - a 

1975 13.2 13.2 98.4 0.88 0.87 8.37 14.78 54.70 0.93 6.29 2.89 

1976 17.2 17.2 121.5 2.74 2.74 2.41 17.92 55.31 1.56 8.70 3.00 

1977 29.1 29.1 119.1 6.77 6.74 0 31.84 44.93 3.35 10.52 2.61 

1978 38.8 38.8 86.9 15.34 15.07 0 45.57 33.99 6.07 13.32 2.95 

1979 51.3 51.3 85.2 32.98 15.07 0 50.11 33.28 6.77 13.51 2.89 

1980 67.5 67.5 83.7 32.98 15.32 0 55.24 32.09 7.72 13.98 2.88 

1981 88.9 88.9 75.2 32.98 15.32 0 63.14 29.11 9.26 14.66 2.92 

1982 117.7 117.7 52.1 32.98 15.34 0 74.97 21.34 11-15 14.87 2.88 

46.81 Total 



10% cost difference 

No.: 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

16 

LSC 

t 

13.2 

17.2 

29.1 

38.8 

51.3 

67.5 

88.9 

117.7 

Po l i cy : NAAQS 

(10^ Tons) 
U
t
i
l
i
z
a
t
i
o
n
 

13.2 

17.2 

29.1 

38.8 

51.3 

67.5 

88.9 

112.7 

•a *i 

E
x
c
e
s
s
 
D
e
m
a
n
 

at
 
Le
as
t
 C
o
s
 

53.3 

52.4 

47 .3 

33.3 

30.9 

23.9 

15.4 

0 

1975 NSPS 1975 

FGD 

Su
pp
ly
 

0.88 

2.71 

6.64 

15.10 

18.69 

18.69 

18.69 

18.69 

(lO' ' Mw; 

U
t
i
l
i
z
a
t
i
o
n
 

0.86 

2.70 

6.63 

10.46 

10.85 

11.31 

11.31 

11.31 

Paramet r ic Changes: in response ass] 

) 

•rt 4-1 

Ex
ce
ss
 D
em
an
 

at
 
Le
as
t
 
Co
s
 

2.02 

2.02 

0.17 

0 

0 

0 

0 

0 

Response 

C
o
m
p
l
i
a
n
c
e
 

28.79 

33.04 

47.78 

61.59 

65.95 

73.02 

81.66 

94.25 

(lO' ' J*;) 

fi 

1 
o 

1 
40.69 

40.19 

28.99 

17.97 

17.43 

14.32 

10.58 

2.06 

Annual i 

.fee-
oo 

o 

0.88 

1.38 

3.23 

4 .73 

5.53 

6.60 

7.92 

9.34 

39.61 

.gnment 

Compliance 

3.06 

4.18 

6.76 

7.68 

8.39 

9.04 

9.70 

9.91 

To ta l 

Cost 

m
i
l
l
s
/
k
w
-
h
r
 

1.84 

1.96 

2.08 

2.05 

2.12 

2.18 

2.22 

2.22 



0% cost difference 
No.: 17 Policy: SIP 1975 NSPS 1975 Parametric Changes: in response assignment 

LSC (10^ Tons) FGD (lO'^ Mw) Response (10 Niv) Annual Compliance Cost 

(U 
TJ +j -c3 4-1 y 

1980 

1981 

§ 1 5 g 18 o -S -5 
au 

r-, -^ . . - 1> 
Q. rH a>>J & r H D r J 

> , N m CB X N , , 
^ - • ttl <a rH -rt m 1) 

s a s t s a s 5 g s ; ? g 

1975 13.2 13.2 102.2 0.88 0.19 8.18 13.89 55.59 0.68 4.90 2.56 

1976 17.2 17.2 131.0 0.88 0.19 2.41 14.74 58.49 0.77 5.22 2.29 

1977 29.1 29.1 143.9 0.88 0.19 0 19.97 56.80 1.46 7.31 2.35 

1978 38.8 38.8 144.6 0.88 0.19 0 23.21 56.35 1.91 8.23 2.32 

1979 51.3 51.3 142.9 0.88 0.44 0 26.65 56.74 2.53 9.49 2.35 

67.5 67.5 141.5 0.88 0.44 0 32.88 54.46 3.22 9.72 2.23 

88.9 88.9 133.1 0.98 0.44 0 40.48 51.76 4.62 11.41 2.39 

1982 117.7 117-7 HO.l 0.98 0.44 0 51.70 44.61 6.79 13.13 2.60 

21.98 Total 



No.: 18 Policy: NAAQS 1975 NSPS 1975 

0% cost difference 
Parametric Chanees: in response assignment 

LSC (10° Tons) FGD (10-̂  Mw) Response (10 t4v) Annual Compliance Cost 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

CO 

13.2 

17.2 

29.1 

38.8 

51.3 

67.5 

88.9 

13.2 

17.2 

29.1 

38.8 

51.3 

67.5 

88.9 

1982 117.7 117.7 

o 
1 CJ 

m CO 

a 

55.5 

61.2 

72.8 

71.0 

70.0 

63.9 

55.5 

31.6 

o 

tn rt 
in V 
o 

• 4 - . 
rt 

.s 

a 

0.88 

1.31 

1.31 

1.31 

1.31 

1.31 

1.31 

1.31 

0.42 

0.42 

0.42 

0.42 

0.42 

0.60 

0.60 

0.60 

1.85 

1.85 

0 

0 

0 

0 

0 

0 

i-o 
u 
g 

28.39 41.09 

29.93 43.31 

34.52 42.25 

37.93 41.63 

41.70 41.69 

47.50 39.83 

57.53 34.72 

70.32 25.99 

0.76 

0.82 

1.67 

2.07 

2.66 

3.59 

4.98 

6.73 

23.28 

2.68 

2.74 

4.84 

5.46 

6.38 

7.56 

8.66 

9.57 

Tota l 

1.67 

1.56 

2.05 

2.02 

2.06 

2.14 

2.18 

2.22 



No.: 19 Policy: SIP 1975 NSPS 1975 Parametric Changes: LSC annual cost raised 20% 

LSC (10^ Tons) FGD (10^ Nt.r) Response (10 H>r) Annual Compliance Cost 

e l s c S o a h 

in 4> 

u3 s ĉ  s a s I I 0 J 
CJ 

1975 13.2 13.2 52.5 0.88 0.86 21.91 14.58 54.90 

1976 17.2 17.2 66.1 2.72 2.72 18.26 17.45 55.78 

1977 29.1 29.1 68.3 6.70 6.70 15.56 26.55 50.23 

1978 38.8 38.8 50.5 15.23 15.21 8.92 40.92 38.65 

1979 51.3 51.3 19.0 33.54 33.53 1.87 67.61 15.78 

1980 67.5 67.5 7.3 72.92 37.73 0 84.19 3.15 

1981 88.9 88.9 0 72.92 38.51 0 92.24 0 

1982 117.7 98.6 0 72.92 39.09 0 96.31 0 

00 o 
r-i 

1.25 

2.02 

4 .48 

7.48 

13.75 

16.70 

19.21 

20.91 

85.80 

$/
kw

 

8.57 

11.57 

16.87 

18.28 

20.34 

19.84 

20.83 

21.71 

Tota l 

m
il

ls
 

3.98 

3.97 

4.25 

3.91 

4.16 

4.06 

4.22 

4.34 



ĵ o_. 20 Policy: NAAQS 1975 NSPS 1975 PpT-amPtrir Changes: LSC annual cost raised 20% 

LSC (10^ Tons) FGD (10^ Mw) Response (10^ Vin) Annual Compliance Cost 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

CO 

13.2 

17.2 

29.1 

38.8 

51.3 

67.5 

88.9 

117.7 

U
t
i
l
i
z
a
t
i
o
n
 

13.2 

17.2 

29.1 

38.8 

51 .3 

63 .1 

76.8 

89.5 

Ex
ce
ss
 
De
ma
nd
 

at
 
Le
as
t
 
Co
st
 

14.5 

22.9 

8.8 

3.8 

0 

0 

0 

0 

Su
pp
ly
 

0.88 

2.71 

6.61 

15.01 

33.05 

33.52 

33.52 

33.52 

U
t
i
l
i
z
a
t
i
o
n
 

0.86 

2.68 

6.60 

15.00 

20.88 

21.20 

21.97 

22.55 

Ex
ce
ss
 
De
ma
nd
 

at
 
Le
as
t
 
Co
st
 

14.91 

12.37 

12.61 

2.95 

0 

0 

0 

0 

Co
mp
li
an
ce
 

28.79 

32.56 

45.23 

63.12 

82.62 

86.68 

91.58 

95.65 

(U 

s 
•H 
f-i 

u 
1 

g 
z 

40.69 

40.68 

31.54 

16.44 

0.77 

0.66 

0.66 

0.66 

OO o 
i-H 

1.23 

2.00 

4.39 

7..35 

10.19 

11.39 

13.02 

14.49 

64.06 

$/
kw
 

4.27 

6.14 

9.70 

11.64 

12.33 

13.14 

14.22 

15.15 

To ta l 

m
i
l
l
s
/
k
w
-
h
r
 

2.59 

2.94 

3.12 

3.09 

2.98 

3.08 

3.23 

3.38 

< 
ho 



No. 21 Policy: SIP 1975 NSPS 1975 Parametric Changes: FGD annual cost raised 20% 

LSC (10^ Tons) FGD (10'̂  Mw) Response (10 1^) Annual Compliance Cost 

•a t^ 8 
g 15 g 18 
4J Q 4J 4-> a 4H 

t s as t s as 

x: 

1975 13.2 13.2 120.2 0.88 0.87 3.26 14.78 54.70 

1976 17.2 17.2 133.1 2.74 2.74 0 17.93 55.30 

1977 29.1 29.1 119.3 6.74 6.66 0 31.77 45.01 

1978 38.8 38.8 89.3 15.11 14.45 0 45.54 34.02 

1979 51.3 51.3 87.6 31.2 14.45 0 50.08 33.31 

1980 67.5 67.5 86.2 31.2 14.70 0 55.21 32.12 

1981 88.9 88.9 77.6 31.2 14.70 0 63.11 29.14 

1982 117.7 117.7 54.6 31.2 14.70 0 74.92 21.39 

00 o 
r-l 

0.97 

1.68 

3.59 

6.40 

7.11 

8.09 

9.65 

11.54 

49.03 

4Z 

6.56 

9.37 

11.30 

14.05 

14.20 

14.65 

15.29 

15.40 

To ta l 

m
il

 

3.03 

3.20 

2.79 

3.14 

3.06 

3.04 

3.06 

3.00 



N o . : _ 2 2 _ _ Po l i cy : NAAQS 1975 NSPS 1975 D.r-on.»tTir rhanpes : FGD annual cos t r a i s e d 20% 

LSC (10^ Tons) FGD (10^^ 1^) Response (10^ 1^) Annual Compliance Cost 

, S S a ,9 ta -H ^ 

tn CO 
m lu 

I s s s a s a ^ 

>^ M tn CO X 

m
an

d 

a (n 
tn 
(1) 

(> a 

C
os

t 

4-> 

3 
gj 

J 

4-> 

rt 

1975 13.2 13.2 63.0 0.88 0.86 0 28.79 40.69 

1976 17.2 17.2 62 .1 2.71 2.70 0 33.04 40.20 

1977 29.1 29.1 49.2 6.64 6.63 0 44.90 31.88 

1978 38.8 38.8 35.0 15.08 9.93 0 62.00 17.56 

1979 51.3 51.3 34.0 17.04 9.96 0 65.98 17.41 

1980 67.5 67.5 27.5 17.04 10.29 0 72.08 15.26 

1981 88.9 88.9 19.0 17.04 10.29 0 81.02 11.22 

1982 117.7 115.0 0 17.04 10.29 0 94.25 2.06 

0.92 

1.47 

3.40 

4 .91 

5.62 

6.74 

8.12 

9.78 

40.96 

3.20 

4.45 

7.57 

7.92 

8.52 

9.35 

10.02 

10.38 

To ta l 

1.92 

2.10 

2.45 

2.11 

2.16 

2.25 

2.31 

2.32 



LSC boiler conversion cost 

No.: 23 Policy: SIP 1975 NSPS 1975 Parametric Changes: reduced by half 

LSC (10^ Tons) FGD (10^ Mw) Response (10 Nk) Annual Compliance Cost 

g u 
•o 4J T3 4-> y 

o *» 
B B O o E CJ JJ 

I fl to in 3 W <« O Z rH *.» B 

1975 13.2 13.2 116.1 0.88 0.87 4 .31 14.78 54.70 0.90 6.09 2.81 

1976 17.2 17.2 133.1 2.74 2.74 0 17.93 55.30 1.55 8.64 2.94 

1977 29.1 29.1 118.9 6.75 6.71 0 27.69 49.08 3.34 12.06 3.07 

1978 38.8 38.8 86.8 15.24 15.22 0 44.65 34.91 6.11 13.68 3.01 

1979 51 .3 51 .3 74.2 33.52 18.05 0 54.23 29.15 7.64 14.09 2.98 

1980 67 .5 67.5 72 .3 33.52 18.43 0 59.49 27.84 8.66 14.56 2.98 

1981 88.9 88.9 65.2 33.52 18.43 0 67.08 25.16 10.13 15.10 2.99 

1982 117.7 117.7 40.6 33.52 18.45 0 80.39 15.92 l K 8 i 14.70 2.87 

50.15 To ta l 



No.: 24 Policy: NAAQS 1975 NSPS 1975 Parametric Changes: 

LSC boiler conversion cost 
reduced by half 

LSC (10" Tons) FGD (10^ Mw) Response (10 MJ) Annual Compliance Cost 

a. 

a-

T 3 ^J 

1 8 
a 4J 
m CO 
m 0) 
cu H J 
u 

as 

f 
I 

g 
oo o 

rH 

0.85 

1.37 

3.19 

4.97 

5.78 

6.84 

8.13 

9.37 

40.50 

2.95 

4.15 

6.68 

7.78 

8.46 

9.08 

9.68 

9.94 

To ta l 

tH 
J3 

J 

m
il

ls
/ 

1.78 

1.95 

2.06 

2.05 

2.11 

2.16 

2.20 

2.22 

1975 13.2 13.2 62.3 0.88 0.86 0.17 

1976 17.2 17.2 61.4 2.71 2.70 0.17 

1977 29.1 29.1 47 .3 6.64 6.63 0.17 

1978 38.8 38.8 29.8 15.10 11.34 0 

1979 51.3 51.3 27.4 21.45 11.73 0 

1980 67.5 67.5 20.4 21.45 12.19 0 

1981 88.9 88.9 11.8 21.45 12.19 0 

1982 117.7 110.4 0 21.45 12.19 0 

28.79 40.69 

33.04 40.20 

47.78 28.99 

63.92 15.64 

68.29 15.10 

75.35 11.98 

84.00 8.25 

94.25 2.06 



No.: 25 Policy: SIP 1975 NSPS 1975 Parametric Changes: Supply of type 2 LSC increased 

LSC (10^ Tons) FGD (10^ Mw) Response (10 Vin) Annual Compliance Cost 

t j tJ y 

g i8 g I - 8 " -̂  
+j Q +j 4H a 4-> i 
S m a tn » 

m CO 
m <u 

•H q 

0) rH O 

I* I as 5 s as 

1975 16.2 16.2 53.4 0.88 0.86 22.40 15.35 54.13 

1976 21.2 21.2 78.6 2.72 2.70 12.92 18.59 54.64 

1977 34.1 34.1 120.1 6.65 6.64 0 27.66 49.11 

1978 46.3 46.3 87.5 15.10 15.08 0 45.70 33.86 

1979 63.5 63.5 62.1 33.2 20.24 0 60.21 23.17 

1980 87.9 87.9 44.8 33.2 20.51 0 68.96 18.38 

1981 122.5 122.5 26.0 33.2 20.51 0 81.66 10.58 

1982 172.2 154.8 0 33.2 23.09 0 96.13 0.18 

1.15 

1.79 

3.86 

6.81 

9.31 

10.63 

13.10 

15.99 

62.64 

7.49 

9.63 

13.96 

14.90 

15.46 

15.41 

16.04 

16.63 

Total 

3.26 

3.15 

3.56 

3.26 

3.28 

3.10 

3.19 

3.32 



No. : 26 Policy: NAAQS 1975 NSPS 1975 Parametric Changes: Supply of type 2 LSC increased 

LSC (10^ Tons) FGD (10^ Mw) Response (10 VJn) Annual Compliance Cost 

T3 4J -o 4̂  y 
(? in € cf> 5 V4 

a m o C r t O CO 2 
g S U 5 6 CJ H 'Si •? 
S S m i i * -S 

> . N m 8 > . , N m r t ' l i r i ««̂  "in 
. ^ H - r t m O •-< .rH tn O 'Ti W • i r H 

^ s ^ s c S s a s 3 s. r H * . » @ 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

16.2 

21.2 

34.1 

46.3 

63.5 

87.9 

122.5 

172.1 

16.2 

21.2 

34.1 

46.3 

63.5 

83.6 

103.0 

118.4 

56.0 

48.9 

36.4 

8.5 

0.4 

0 

0 

0 

0.88 

2.71 

6.64 

15.05 

33.1 

33.1 

33.1 

33.1 

0.86 

2.69 

6.61 

15.04 

15.64 

15.94 

15.94 

17.55 

2. 

2. 

0. 

0 

0 

0 

0 

0 

02 

02 

17 

29.51 

34.70 

47.12 

68.68 

80.20 

86.49 

91.40 

95.47 

39.97 

38.53 

29.65 

10.88 

3.18 

0.84 

0.84 

0.84 

1.19 

1.75 

3.48 

6.28 

7.52 

9.05 

10.14 

11.36 

50.77 

4.03 

5.04 

7.38 

9.14 

9.38 

10.46 

11.09 

11.90 

Total 

2.25 

2.16 

2.29 

3.37 

2.28 

2.46 

2.53 

2.65 



No.: 27 Policy: SIP 1975 NSPS 1975 Parametric Changes: Supply of FGD decreased 

LSC (10^ Tons) FGD (10'̂  I^) Response (10 NVr) Annual Compliance Cost 

•rt 4J TJ tJ 
c m S "> 

.§ 1° I 1° 8 
6 3.8 n 1 ° « .S ^ 

^ (5 4-. Si* J 
>> 

I as I s as 5 1 

1975 13.2 13.2 98.3 0.88 0.87 8.37 14.78 54.70 

1976 17.2 17.2 124.3 1.87 1.82 2.41 17.45 55.78 

1977 29.1 29.1 133.0 2.92 2.92 0 24.10 52.67 

1978 38.8 38.8 128.9 4.17 4.15 0 28.62 50.94 

1979 51.3 51.3 123.2 5.56 5.53 0 34.64 48.75 

1980 67.5 67.5 116.2 7.13 7.12 0 41.14 46.20 

1981 88.9 88.9 101.7 8.93 8.87 0 50.85 41.39 

1982 117.7 117.7 71.4 10.89 10.86 0 65.31 31.00 

0.93 

1.30 

2.34 

3.24 

4.18 

5.55 

7.56 

10.14 

35.24 

6.29 

7.45 

9.71 

11.32 

12.07 

13.49 

14.87 

15.52 

To ta l 

2.89 

2.56 

2.67 

2.80 

2.76 

2.85 

2.96 

2.98 

ho 
lO 



No.: 28 Policy: NAAQS 1975 NSPS 1975 Parametric Changes: Supply of FGD decreased 

LSC 

>r 

(10^ 

n 5 • ri 
4-" 

iz
a 

Tons) 

•o 

tn 
tn 

4-> 

m o C J 

4., 
ea

s 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

13.2 

17.2 

29.1 

38.8 

51.3 

67.5 

88.9 

117.7 

13.2 

17.2 

29.1 

38.8 

51.3 

67.5 

88.9 

117.7 

53.3 

55.2 

62.7 

57.2 

52.1 

41.4 

23.8 

0.45 

FGD (10^ Mw) Response (10 M<) Annual Compliance Cost 

0 m g t^ 
g CJ 0) -rt •'? 

m a ) •;:) V % rH 
X 

fr -! 8 ^ g- g 
as c t s a s 5 S s ; s a 

0.88 0.86 2.02 28.79 40.69 

1.85 1.83 2.02 31.73 41.50 

2.94 2.92 0.17 38.71 38.06 

4.18 4.18 0.17 47.55 32.01 

5.62 5.60 0.17 52.92 30.47 

7.24 7.23 0 64.28 23.05 

9.10 9.08 0 75.74 16.51 

11.21 9.12 0 93.91 2.40 

0.88 

1.25 

2.44 

3.19 

4.20 

5.56 

7.34 

9.27 

34.03 

3.06 

3.94 

6.30 

6.71 

7.94 

8.65 

9.56 

9.87 

Tota l 

1.84 

1.96 

2.28 

2.08 

2.24 

2.17 

2.25 

2.20 



No.: 29 Policy: SIP 1977 NSPS 1977 Parametric Changes: None 

LSC (10 Tons) 

•a 4-> 

1 8 
e CJ 

a^ 
m CO 
in to 

8-j 

as 

FGD (10 Mw) 

g 
T S 4 J 

§8 
S CJ 

a^ 
tn CO 
m 0) 
(U . J u 

as 

Response (10 }ii) Annual Compliance Cost 

8 

i 
m 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

22.2 

30.2 

40.6 

54.1 

72.2 

96.8 

22.2 143.7 

30.2 136.1 

40.6 121.4 

54.1 88.4 

72.2 

96.8 

73.3 

59.0 

0.88 

2.74 

6.74 

15.11 

33.1 

33.1 

0.87 

2.74 

6.66 

15.06 

19.42 

19.44 

0 

0 

0 

0 

0 

0 

17.81 

23.28 

31.05 

46.63 

63.11 

74.05 

58.96 

56.28 

52.33 

40.71 

29.14 

22.26 

1.38 

2.31 

4.05 

7.24 

9.73 

11.45 

36.16 

7.75 

9.92 

13.04 

15.53 

15.42 

15.46 

To ta l 

2.65 

2.73 

2.98 

3.23 

3.11 

3.08 



No. : 30 Pol icy: SIP 1980 NSPS 1977 Paramet r ic Changes: None 

LSC (10° Tons) 

CO 

c 
o •H 
4-> 
rt 

•H 
t-t 
.T-i 

s o 
^ u 

a 4-> 
m CO 
m CD 
(U - 5 
O 

a' 

FGD (10-^ 1^) 

"O 4J 

g 1 ^ 

CO 

m ra 
m 0) 
0) _ ] 
o 

as 

Response (10 M,?) Annual Compliance Cost 

tn 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

22.2 

30.2 

40.6 

54.1 

72.2 

96.8 

21.9 0.6 

29.4 0 

39.9 0 

54.1 143.2 

72.2 137.0 

96.8 108.4 

0.88 

0.88 

0.88 

0.88 

2.74 

6.74 

0 

0 

0 

0.87 

2.73 

6.70 

0 

0 

0 

0 

0 

0 

76.61 0.16 

79.56 0 

83.39 0 

29.33 58.01 

38.62 53.63 

52.46 43.85 

1.00 

1.28 

1.72 

2.91 

1.30 

1.61 

2.06 

9.92 

4.72 12.22 

7.59 14.47 

2.24 

2.06 

2.00 

2.33 

2.60 

2.87 

19.22 T o t a l 



No. 31 Policy: 1.21 lb SOz/MBtu 1977 Parametric Changes: None 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

LSC (10^ Tons) 

R* 
to 

22.2 

30.2 

40.6 

54 .1 

72 .1 

96 .8 

o 
: CJ 

m <u 

a 

22.2 185.0 

30.2 176.8 

40.5 163.1 

54 .1 129.9 

72.1 119.0 

96.8 114.6 

FGD (10 Mw) 

T3 4-1 

f m 
o 

CJ 

'4J O 4J 
rt in 

, ? -H in V 
p. t-i cu • J 
? 4-1 >< 4-; 

[75 3 UJ rt 

0.88 0.87 0 

2.75 2.75 0 

6.79 6.78 0 

15.44 15.43 0 

34.04 17.55 0 

34.04 17.58 0 

Response (10 Vin) Annual Compliance Cost 

8 
rH 

u 

o 
y 
s . r t 
r-t 

^ 
CJ 

N
on

-

9.09 67.68 

14.12 65.45 

22.02 61.37 

37.13 50.21 

46.75 45.50 

56.39 39.92 

in 
rH 
rH 

1.37 

2.35 

3.93 

7.32 

9.22 

11.09 

35.28 

15.07 

16.64 

17.85 

19.71 

19.72 

19.67 

Total 

2.65 

2.79 

2.95 

3.30 

3.32 

3.32 



No. : 32 Policy: 1.50 lb SO?/MBtu 1977 Parametric Changes: None 

LSC (10^ Tons) FGD (10^ Mw) Response (10^ 1^) Annual Compliance Cost 

m 
T3 4-) Ti *i o 
§ en . - S B S t^ 

S e c j o e c j ( D - H ,a 
•H 1 -H f y •;:) 4 
4 - ; Q 4 - « 4 J Q 4 - 1 C O . 3 
rt m ra tn CO g ^ 

s N m r a > . ^ M m r t - r t C S ^^ 
I ' r t m Q ) r-i 't-i tn i> r H C J <>» _ i 5 
C - r t O Q . . H O g ^ ( S 0 O . a r H 

5 c 2 r t t O S U J O l C J Z r H < « . ^ 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

• -

-

22.2 

30.2 

40.6 

54.1 

72.2 

96.8 

-

-

22.2 

30.2 

40.6 

54.1 

72.2 

96.8 

-

-

190.8 

184.0 

169.1 

133.2 

112.8 

94.2 

0.88 0.86 0.17 

2.69 2.68 0.37 

6.59 6.52 0.48 

14.77 14.74 0.48 

32.41 18.32 0 

32.41 18.34 0 

9.69 

14.27 

22.68 

39.14 

51.50 

62.19 

67.07 

65.29 

60.70 

48.19 

40.74 

34.12 

1.39 

2.27 

4.08 

7.14 

9.67 

11.21 

35.76 

14.34 

15.91 

17.99 

18.24 

18.78 

18.02 

Total 

2.52 

2.70 

2.94 

3.07 

3.17 

3.10 



No.: 33 Pol icy: 2.0 lb SO,/MBtu 1977 Parametric Changes: None 

FGD (IQ-̂  yjn) Response (10 NVr) Annual Compliance Cost 

a o 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

t to 

22.2 

30.2 

40 .6 

54 .1 

72.2 

96 .8 

m n 
in <u 
<U r J 
O 

as 

22.2 151.6 

30.2 148.6 

40 .5 132.1 

54.0 98 .3 

72.2 

96 .8 

81 .1 

60.2 

a o 
E CJ 

a^ 
tn CO 
m V 
(U r J 

o 
tt) a 

0.88 0.84 1.45 

2.65 2.65 0.47 

6.55 6.51 0.57 

14.80 14.79 0 

32.59 17.46 0 

32.59 17.48 0 

i H CJ 

I i 

11.34 65.44 

16.63 62.93 

25.63 57.76 

45.14 42.20 

58.04 34.20 

70.83 25.48 

•u 

1.35 

2.33 

4.22 

7.41 

9.50 

11.09 

35.90 

11.90 

14.01 

16.46 

16.42 

16.37 

15.66 

Total 

2.24 

2.49 

2.78 

2.82 

2.88 

2.77 



No.: 34 Policy: 2.5 lb SO,/MBtu Parametric Changes: Noiie _ 

LSC (10^ Tons) FGD (10^ Hn) Response (10 1^) Annual Compliance Cost 

to 

1982 96.8 

O S 9 rS <D -rt * 
: CJ 

1975 

1976 

1977 22.2 

1978 30.2 

1979 40.6 40.6 96.8 

1981 72.2 72.2 31.6 

I CJ 

i : -5 St; g t I 

s as M s as I § S is 'S 
CJ Z rH <«• e 

22.2 123.5 0.88 0.87 0.71 14.11 62.66 

30.2 114.8 2.73 2.73 0.78 19.91 59.65 

31.11 52.27 

1980 54.1 54.1 62.5 15.31 15.30 0.38 51.71 35.63 

0.88 

2.73 

6.73 

15.31 

33.74 

34.47 

0.87 

2.73 

6.72 

15.30 

21.38 

21.40 

0.71 

0.78 

0.86 

0.38 

0.03 

0 

76.20 16.05 

96.8 9.2 34.47 21.40 0 90.67 5.64 

-

1.41 

2.44 

4.29 

7.56 

10.64 

12.29 

37.63 

-

9.99 

12.26 

13.79 

14.62 

13.96 

13.55 

To ta l 

-

2.11 

2.38 

2.50 

2.70 

2.55 

2.47 

04 



No.: 35 Policy: 3.0 lb SOa/MBtu 1977 Parametric Changes: None 

LSC (10^ Tons) FGD (10^ Mw) Response (10 Nk) Annual Compliance Cost 

•^ *^ "St! y 
C m 6 c£) a h 

. § 1 «! . , - ^ T- . Q •-» 

S W c8 > . "̂  ^ S •be-

I s Is I s a s S i s ; ? g 

1975 - - - - - ' ' ' 

1976 - - - - • • 

1977 22.2 22.2 97 .3 0.88 0.87 0.25 19.98 56.79 1.43 7.16 1.91 

1978 30.2 30.2 87.1 2.73 2.73 0.39 26.93 52.63 2.57 9.54 2.20 

1979 40.6 40.6 69.1 6.73 6.72 0.46 40.05 43.34 4.34 10.84 2.25 

1980 54.1 54.1 31.9 15.31 15.27 0.23 64.79 22.54 7.61 11.74 2.31 

1981 72.2 72.2 8.9 33.64 18.53 0 86.57 5.68 10.00 11.55 2.26 

1982 96.8 87.3 0 33.64 18.53 0 96.31 0 U J I 11.60 2.27 

37.12 To ta l 



No.; 56 Policy: 3.5 lb S02/MBtu 1977 Parametric Changes: None 

LSC (10^ Tons) FGD (10^ >V) Response (10 W) Annual Compliance Cost 

4> 
T3 4-1 "^ *^ S 

C i r 9 g i u ID -rt .? 

rtm " a S i ' ^ 

^ s as ct s as I I s ;:. -a 
to 

1975 - - - " " ' 

1976 - - ' • • " 

1977 22.2 22.2 72.8 0.88 0.88 0.26 22.18 54.59 

1978 30.2 30.2 60.4 2.76 2.76 0.38 30.09 49.47 

1979 40.6 40.6 41.1 6.80 6.79 0.44 47.77 35.62 

1980 54.1 54.1 9.3 15.47 13.37 0 80.79 6.54 

1981 72.2 69.4 0 27.52 13.37 0 92.24 0 

1982 96.8 77.8 0 27.52 13.38 0 96.31 0 

1.72 

2.71 

4.54 

7.49 

8.63 

9.24 

34.33 

7.75 

9.01 

9.50 

9.27 

9.36 

9.59 

To ta l 

2.04 

2.09 

2 .01 

1.87 

1.87 

1.89 



No.: 37 

LSC annual cost raised 10% 
Policy: NAAQS 1977 NSPS 1977 Parametric Changes: 0% cost difference in assignment 

LSC do^ Tons) FGD (10^ NV) Response (10 fiv) Annual Compliance Cost 

to 

•g*̂  'St; 

I *•> 

as 

s i ° ., .2 .§ " . S i " 8 
^ >, ^ )" i 

a . i t J! 
m a; ^ M m CD 

y .. & -.1 y X. s 5 t s as 5 1 s ^ -g 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

-

-

22.2 

30.3 

40.6 

54.1 

72.2 

96.8 

-

-

22.2 

30.3 

40.6 

54.1 

72.2 

87.62 

-

-

49.41 

42.65 

31.4 

19.40 

3.33 

0 

0.88 

2.74 

0.87 8.76 29.07 47.70 1-66 5.71 2.91 

2.74 8.52 35.94 43.62 2.70 7.51 2.72 

6.76 6.74 8.37 44.54 38.85 4.62 10.37 3.06 

15.35 15.33 4.04 62.31 25.02 8.38 13.45 3.30 

3 3 8 0 21.94 0 89.94 2.30 12.06 13.41 3.01 

36.13 21.94 0 95.47 .84 13.52 14.16 3.12 

42.94 To ta l 

< 
t-rt 
CO 



LSC annual cost raised 15% 
No.: 38 Policy: .NAAQS. 1977 NSPS 1977 Parametric Changes: 0% cost difference in assignment 

LSC (10^ Tons) FGD (10^ Nk) Response (10 H^) Annual Compliance Cost 

a tn € m H L| 

g icS g 1 8 g -S ^ 
s ^s '5 *̂  I I -a 

f^ -H m 4) rH .rt m lU a> >J 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

• -

-

22.2 

30.3 

40.6 

54.1 

72.2 

96.8 

-

-

22.2 

30.3 

40.6 

54.1 

72.1 

85.6 

-

-

35.8 

36.0 

28.6 

12.71 

0.19 

0 

a s c ^ s a s C J Z rt«»^ 

0.88 

2.71 

6.62 

15.04 

33.12 

40.43 

0.86 

2.69 

6.61 

15.03 

23.10 

23.10 

12.72 

10.59 

9.35 

6.53 

0 

0 

28.73 

36.43 

44.61 

61.05 

91.21 

95.65 

48.05 

43.14 

38.77 

26.28 

1.03 

0.66 

1.79 

2.90 

4.93 

8.72 

12.97 

14.41 

45.72 

6.23 

7.96 

11.05 

14.28 

14.22 

15.06 

Total 

3.41 

2.98 

3.32 

3.52 

3.19 

3.32 



LSC annual cost raised 20% 

No.: 39 Policy: NAAQS 1977 NSPS 1977 Parametric Changes: 0̂° cost difference in assignment 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

LSC 

>« 

-

-

22.2 

30 .3 

40.6 

54 .1 

72.2 

96.8 

(10^ Tons) 

c 
S •rt 
*i C« 
N 

U
ti

li
 

-

-

22.2 

30.3 

40.6 

54.1 

62.02 

72 .3 

t J +J 

§8 
s u 
a 4J 
m CO 

E
xc

es
 

at
 L

e 

-

-

32.0 

32.8 

24.9 

15.72 

0 

0 

FGD (lO'̂  Mw) Response (10 Mn) Annual Compliance Cost 

s o 
6 CJ 

a^ 
tn t> 
ID _] 
O 

as 

0.88 

2.71 

6.66 

0.86 

2.70 

6.65 

14, 

13 

11 

.11 

.20 

.88 

y 

28.73 48.05 

34.86 44.71 

43.73 39.65 

15.15 15.15 5.40 61.33 26.01 

33.41 27.32 0 91.59 0.66 

53.48 28.32 0 95.65 0.66 

I 

1.96 

3.31 

5.71 

9.71 

14.13 

15.64 

50.46 

6.82 

9.50 

13.06 

15.83 

15.43 

16.35 

Tota l 

3.73 

3.59 

3.91 

3.89 

3.47 

3.60 



LSC annual cost raised 25% 
No.: 40 Policy: NAAQS 1977 NSPS 1977 Parametric Changes: 0% cost difference in assignment 

LSC (10^ Tons) FGD (10'̂  Mw) Response (10 Vi/i) Annual Compliance Cost 

lU 

T3 4-) -g 4J y 

g i s g i^ g I •? 
•B I" -^ a*^ ^ §• -S 
S m . ^ r t m H g ;J 

s.. N m rt >s 
^ .fi tn la rH 
O , rH U r j fr 

1975 

1976 

1977 

as CO 

g 
4^ 
rt 

• H 
i - \ 

• H 
4-> 

rt O 

.5*. 
m CO 
m 0) 
0 J 
o 
as 

22.2 22.2 17.29 0.88 0.86 18.14 28.73 48.05 

1978 30.3 30.3 15.9 2.71 2.70 18.12 34.86 44.71 

1979 40.6 34.1 0.7 6.65 6.65 21.86 44.02 39.37 

1980 54.1 

1981 72.2 

1982 96.8 67.2 0 

0.88 

2.71 

6.65 

15.13 

33.36 

60.05 

0.86 

2.70 

6.65 

15.12 

29.39 

30.58 

18.14 

18.12 

21.86 

6.49 

0 

0 

54.1 8.8 15.13 15.12 6.49 63.26 24.07 

57.4 0 33.36 29.39 0 91.59 .66 

95.65 .66 

2.13 

3.54 

5.02 

10.05 

14.40 

16.04 

51.18 

7.41 

10.15 

11.40 

15.89 

15.72 

16.77 

To ta l 

4 .05 

3.84 

3.62 

4.00 

3.53 

3.69 



No. : 41 

LSC annual cost raised 30% 
Policy: NAA^1977__J«PS_1977 Parametric Changes:. 0% cost difference in assignment 

LSC (10° Tons) 
,6 .pQ̂ g-, FGD (10^ Mw) Response (10^ 1^) Annual Compliance Cost 

1975 

1976 

1977 22.2 

1978 

1979 40.6 

-^^ "SS B H 
tn S S B S 

e a o s a r i o "^ T 

I I" 5 is i t 5 a ^ 1-4 m CO 

I S Ss S s as 

J ; , , 0.88 0.86 27.7 28.72 .8.0S 2.40 8.36 4.44 

; ; • ; , „ , . . , 2.72 2.72 21., 33.»» 45.6 , ^.>^ n.« . . s i 

. , „ 40;6 40.6 7.S1 6.7. 6.70 ,6.0 44.03 30.36 6.2S 1 4 . . , 4.16 

, 8 0 S, . l 37.0 0.7 .S.27 1S.2S U.60 34.2. 33.06 . . . . .6.23 4.02 

1 ,2 .2 .3 .6 0 33.63 33.63 0 . . 88.80 3.36 . 4 . 0 . . . . . . 3.60 

06.8 S8.2 0 n.U 34.76 0 0S.63 0.66 ! ^ .7.33 3..2 

51.95 Total 



No. _42 Policy: NSPS 1977 NAAQS 1977 Parametric Changes: 50% cost difference in assignment 

LSC (10^ Tons) FGD (10^ Mw) Response (10^ MJ) Annual Compliance Cost 

<o 
T3 +j y 

g g.q s § ° 
a 

m o t-i 't-i tn O 
(U -J a . .rt (D rJ 
O P. .rt U 

as CO 3 a rt 

H 
^ fe ic3 8 .rt I 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

. -

-

22.2 

30.3 

40.6 

54.1 

72.2 

96.8 

-

-

22.2 

30.3 

40.6 

54.1 

72.2 

84.1 

-

-

81.8 

75.1 

63.2 

29.8 

0 

0 

-

-

0.88 

2.71 

6.62 

15.04 

33.11 

42.72 

-

-

0.86 

2.67 

6.61 

15.02 

23.81 

23.81 

-

-

0.42 

0.21 

0.17 

0.03 

0 

0 

-

-

28.73 

36.43 

44.88 

62.56 

91.41 

95.65 

-

-

48.05 

43.14 

38.51 

24.78 

0.84 

0.66 

-

-

1.29 

2.13 

3.90 

7.07 

11.52 

12.23 

38.14 

-

-

4.49 

5.85 

8.69 

11.30 

12.60 

12.79 

Total 

-

-

2.44 

2.20 

2.58 

2.78 

2.83 

2.81 



No.: 43 

NAAQS Urban 1977 
IC Rural 1977 
NAAQS Rural 1980 

Policy: NSPS 197L 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

-

-

22.2 

30.2 

40.6 

54.1 

72.2 

96.8 

-

-

22.2 

30.2 

40.6 

54.1 

72.2 

84.1 

-

•" 

41.0 

32.7 

20.0 

28.8 

0.03 

0 

FGD (10^ Mw) 

Pa rame t r i c O r a n g e s : J O l ^ o s L d i f f e r e r K ^ i l L a ^ ^ 

Response (10^ >V) Annuaj_Cpmpliance Cost 

0.88 0.87 0.03 

2.74 2.72 0.03 

6.69 6.66 0.03 

15.15 15.13 0.03 

33.3 21.63 0 

35.6 21.63 0 

50.05 26.72 

57.17 22.39 

65.78 17.60 

62.99 24.34 

91.41 0.84 

95.65 0.66 

1.30 2.60 

2.11 3.69 

3.62 5.50 

7.00 11.11 

10.53 11-52 

11.20 11-71 

35.76 To ta l 

2.34 

2.24 

2.54 

2.83 

2.66 

2.64 



No.: 44 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

LSC 

>., 
ff Q . 

Su
p 

-

-

22.2 

30.2 

40.6 

54.1 

72.2 

96.8 

(10^ Tons) 

c 
o . H 

^ 
bJ 

rH 
• fi 

-

-

22.2 

30.2 

40.6 

54.1 

72.2 

98.8 

T 3 4-> 
C tn 

a o G CJ 

a^ 
t/l CO 

(D .-J 

as 

-

-

39.9 

38.5 

38.7 

76.6 

71.0 

51.6 

NAAQS Urban 1977 
IC Rural 1977 
NAAQS Rural 1980 

Policy: NSPS 1977 

FGD (10 Mw) 

Parametric '^-y— "̂  ̂"-̂ ^ difference in assignment 

Response (10^ Vin) Annual Compliance Cost 

CO 

a*^ 
m CO 
m V 
lU rJ 
O 

as 

0.88 

0.88 

0.88 

0.88 

0.88 

0.88 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0 

0 

0 

0 

0 

0 

I 

49.93 26.84 

56.34 23.22 

57.25 26.13 

41.58 45.75 

48.47 43.77 

60.60 35.71 

5 

I 

1.06 

1.35 

1.84 

2.52 

3.60 

5.37 

15.74 

2.12 

2.40 

3.21 

6.06 

7.43 

8.86 

To ta l 

1.92 

1.50 

1.86 

1.96 

2.08 

2.21 



No. 45 

NAAQS Urban 1977 
IC Rural 1977 

NAAQS Rural 1980 
Policy: NSPS 1977 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

LSC 

>, 

tn 

-

-

22.2 

30.2 

40.6 

54.1 

72.2 

96.8 

(10^ Tons) 

g 
.H 
*i 

Ut
il
i 

-

-

22.2 

30.2 

40.5 

54.1 

72.2 

96.8 

-rt 4J 

ma
n 

Co
s 

a 4-> 
i n CO 

Ex
ce
s
 

at
 L
e
 

-

-

19.0 

22.0 

22.2 

39.8 

31.2 

13.8 

FGD (10-̂  Mw) 

0% cost difference in assignment 
Parametric Changes: system reliability cost deleted 

Response (10 Mif) Annual Compliance Cost 

g 18 
e CJ 

a*^ 
tn 10 
m 1) 
CD rJ 

u 

as 

0.88 

2.47 

5.96 

10.54 

21.76 

21.76 

0.78 

2.43 

5.00 

10.32 

10.89 

10.89 

5.15 

2.57 

0 

0 

0 

0 

1—1 I 

52.68 24.09 

59.92 19.64 

65.53 17.86 

59.44 27.89 

66.91 25.34 

80.74 15.57 

^ 

5 

0.97 

1.50 

2.28 

4.05 

5.05 

6.26 

20.11 

1.84 

2.50 

3.48 

6.81 

7.54 

7.75 

To ta l 

1.45 

1.37 

1.60 

1.76 

1.82 

1.78 



No.: 46 
Policy: NAAQS 1977 NSPS 1977 Parametric Changes: 0% cost difference in assignment 

LSC (10 Tons) FGD (10 Mw) Response (10^ 1^) Annual Compliance Cost 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

>f 

22.2 

30.3 

40.6 

54.1 

72.2 

96.8 

g 

22.2 

30.3 

40.6 

54.1 

72.2 

96.8 

m lu 
u 
a 

79.5 

78.6 

80.2 

77.7 

78.7 

60.1 

CO 

a^ 
tn CO 
m o 
(U .-J u 

as 

0.88 

1.31 

1.31 

1.31 

1.31 

1.31 

0.42 

0.42 

0.42 

0.60 

0.60 

0.40 

0 

0 

0 

0 

0 

0 

g 
•z. 

30.15 46.62 

33.36 46.20 

37.05 46.34 

41.86 45.47 

48.19 44.06 

59.44 36.87 

1.19 

1.48 

1.96 

2.69 

4 .01 

5.60 

3.95 

4.44 

5.29 

6.43 

8.32 

9.42 

iH 

t 

1.80 

1.72 

1.77 

1.90 

2.18 

2.24 

16.93 To ta l 



No.: 47 P o l i c y : SIP 1975 NSPS 1975 Paranw^trir Changes: 50% c o s t d i f f e r e n c e i n assignment 

LSC (10° Tons) FGD (10" Mw) 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

13.2 

17.2 

29 .1 

38.8 

51 .3 

67 .5 

88.9 

g 
s 
N 

•rH 

13.2 99.2 

17.2 121.3 

29.1 122.0 

1982 109.5 

38.8 

51.3 

67.5 

83.5 

97 .3 

88.7 

26.9 

0 .3 

0 

0 

a . . S 3 
m t> 
lU rJ 
O 

a rt 

0.88 0.88 8.37 

2.77 2.75 2.41 

6.78 6.78 0 

15.43 15.42 0 

34.00 34.00 0 

73.94 40.42 0 

73.94 40.43 0 

73.94 40.44 0 

Response (10 1^) Annual Compliance Cost 

(U .rt •>? 
CJ "Xj i 

S t M 

14.58 54.90 

17.28 55.95 

26.94 49.83 

39.07 40.49 

67.91 15.48 

87.05 0.28 

92.24 0 

96.31 0 

0.94 

1.63 

3.58 

6.58 

12.42 

16.14 

17.43 

18.57 

77.29 

6.45 

9.43 

13.29 

16.84 

18.29 

18.54 

18.90 

19.29 

Total 

3.02 

3.20 

3.45 

3.70 

3.77 

3.83 

3.83 

3.85 



No_. 48 Po l i cy : NAAQS 1977 NSPS 1977 P n n m r r r i - rv^o .^ . c in% cos t d i f f e r e n c e i n assignment 

FGD (10^ Mw) Response (10 1^) Annual Compliance Cost LSC 

>̂  
s 

(10^ 

c O 
• H 

• H 
r~{ 

Tons) 

T 3 4J 
d tn 

3 o e u 
t/1 to 

<U J 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

-

-

22.2 

30.3 

40.6 

54.1 

72.2 

96.8 

-

-

22.2 

30.3 

40.6 

54.1 

72.2 

96.8 

-

-

77.17 

68.91 

56.2 

37.7 

38.5 

19.01 

• d 4-> u 
.rt -TH m ID 
p . rH 0) r J e - rt 

5 

00 5 rH 

as c ^ s a s c S z ^ * » d 

0.88 0.88 0.19 31.37 45.40 1.31 4.18 1.90 

2.76 2.76 0.19 38.01 41.56 2.18 5.74 1.98 

6.81 6.79 0.2 48.73 34.65 3.76 7.72 2.16 

15.47 11.32 0 66.23 21.10 5.71 8.62 2.12 

21.06 11.36 0 72.90 19.35 7.14 9.79 2.28 

21.06 11.36 0 84.11 12.20 8.74 10.39 2.29 

28.84 To ta l 



No.: 49 
Policy: NAAQS 1977 NSPS 1977 Parametric Changes: Supply of LSC type 2 increased 

LSC 

>, 
ff 
& 

(10^ 

c 
8 •rt 
*i 
CO 

•rl 
rH 

Tons) 

•rt 4J 

§8 
s U 
a 4-> 
in S 
in a> 

8^ 

1978 

1979 52.8 

1980 74.5 74.5 12.0 

1981 

1982 

FGD (10^ Mw) Response (10^ Vin) Annual Compliance Cost 

g i s j> -̂  t 
CO T ^ r 1 vt >n 

!ti 
tn ti 
0) , " o 

as ^ s a s g 

1975 - - • 

1976 - - " 

1977 27.2 27.2 72 .3 0.88 0.86 0.17 32.65 44.12 1.61 4 .93 2.06 

37,8 37.8 69.2 2.70 2.69 0.21 39.03 40.54 2.72 6.97 2.42 

52.8 51.8 6.62 6.60 0.21 49.65 33.73 4.66 9.38 2.64 

15.03 14.46 0 78.82 8.51 8.10 10.28 2.38 

3, 3 14 46 0 90.18 2.06 9.76 10.82 2.44 
105.7 100.9 0 31.3 14.40 
^5^_^ ,18.1 0 31.3 15.73 0 94.25 2.06 U ^ 11-86 2.62 

38.03 Total 



LSC annual cost increased 5% 

No.: 50 Pnlii-vr NAAQS 1977 NSPS 1977 Parametric Changes: 0% cost difference in assignment 

LSC (10^ Tons) FGD (10^ m Response (10^ m Annual Compliance Cost 

1981 

to 

g i-s .1 i" 

1975 • -

1976 

1977 22.2 22.2 64.3 

1978 30.2 30.2 63.4 

1979 40.6 40.6 65.0 

1980 54.1 54.1 64.5 

72.2 72.2 56.0 

1982 96.8 96.8 38.7 

- t -5 c§, 
m a> 

>> .r̂  X! S ;H CJ 
c o 

Q. rH 0) .-) B* c: 

e- .̂  o ^ g as ĉ  s as 

.s 

0.88 

2.74 

6.70 

6.80 

8.20 

8.20 

0.87 

2.72 

4.02 

5.34 

5.92 

5.91 

3 . 

1. 

0 

0 

0 

0 

15 

30 

31.41 

38.30 

48.51 

55.17 

62.73 

72.68 

43.37 

41.26 

34.88 

32.16 

29.51 

23.63 

1.51 

2.27 

3.20 

4.72 

6.23 

8.26 

26.19 

4 .81 

5.93 

6.60 

8.56 

9.93 

11.36 

To ta l 

2.03 

1.99 

1.86 

2.22 

2.38 

2.55 



LSC annual cost increased 40% 
j^Q. 51 Policy: NMQS 1977 NSPS 1977 Parametric Changes: 0% cost difference in assignment 

LSC (10^ Tons) FGD (10^ Mw) Response (10 Nk) Annual Compliance Cost 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

~ 

-

22.2 

24.2 

29.2 

35.1 

41.8 

49.8 

-

8.6 

13.1 

16.4 

20.0 

25.6 

32.0 

0 

0 

0 

0 

0 

0 

TS +J 

11̂  I 1̂  I I I 
X N mc8 >. ^ X i u 

i H •rl tn O rH 'Jj ^ J 
Q. rH 8"^ ^ ^ ^' as it s as SI z 

0.88 

2.71 

6.67 

15.18 

33.48 

72.78 

0.86 

2.70 

6.66 

15.18 

33.46 

41.13 

29.53 

28.99 

27.96 

20.49 

5.49 

0 

m 

24.20 

28.39 

34.39 

45.06 

72.63 

93.80 

52.58 

51.17 

49.00 

42.28 

19.61 

2.50 

0.84 

1.74 

3.19 

6.23 

12.51 

16.23 

40.74 

3.47 

6.13 

9.26 

13.82 

17.22 

17.30 

Total 

3.78 

3.56 

3.54 

3.96 

4.04 

3.83 



LSC annual cost increased 35% 
fj„., ^ 2 Policy: NAAQS 1977 NSPS 1977 Parametric Changes: 0% cost difference in assignment^ 

LSC (10^ Tons) FGD (10^ Mw) Response (10^ iHn) Annual Compliance Cost 

o 

o E ' - ' .2 1 u . r t 4 

5^ 4-1 >< 4-1 
in 3 UJ «" rt CO 

1975 

1976 

1977 22.2 11.8 0 0.88 0.86 28.64 25.25 51.52 

1978 26.7 18.5 0 2.71 2.70 27.50 30.04 49.52 

1979 32.4 25.1 0 6.67 6.67 25.60 36.94 46.44 

1980 39.0 31.7 0 15.18 15.18 17.31 49.76 37.58 

1981 46.8 38.1 0 33.47 33.46 2.10 82.91 9.33 

1982 56.0 43.4 0 72.79 38.02 0 93.80 2.50 

1.06 

2.15 

3.88 

7.25 

13.56 

16.10 

44.00 

4.20 

7.16 

10.50 

14.57 

16.36 

17.16 

Total 

3.67 

3.65 

3.65 

4.00 

3.73 

3.80 



System cost reflects 0.05 increase 

„.,r in F.O.R. for FGD 
<;3 D^nm.- SIP 1975 NSPS 1975 Parametric Changes: .̂  

No. : •'•̂  Po l i cy . . 

LSC (10^ Tons) FGD (10^ Mw) Response (10^ Niv) Annual Compliance Cost 

- 3 ^ 1 « 1 »-
c i s g i S 0 . - S •? 
5 E CJ .2 S 0 

•rl 
4J 

to 

Ecj y s O " » 

1^ s ^s s !• a 
8" I 5 i" 
^s I s as 

tt " m ™ a 
CO " J fc^ tsi tn C^ i n ^r 

> . N " ' ' S . i T . r t m i U T J V f •-< 
M . . t r 4 J X 4 y . H * rH 4 » » S 

1975 13.2 13.2 

1977 29 .1 

1979 51 .3 51.3 

1981 

1982 117-7 117-7 14-5 

9 7 . 1 0.88 0.86 10.37 14-57 54.91 0.88 6.04 2.85 

7 73 2 72 3 72 17.64 55.60 1.48 8.39 2.88 
1976 17.2 17.2 116.9 2.73 2.72 3 . / / 

fi 7n 6 70 3 72 27.83 48.94 3.34 12.00 2.98 
29.1 102.5 6.70 6./U i-'^ 

1978 38.8 38.8 84.5 15.26 15.26 0.19 42.20 37.36 5.84 13.84 2.97 

48.2 33.66 25.52 0 63.25 20.13 9.24 14.61 3.04 

69.73 17.60 10.46 15.00 3.04 
,.- r A7 5 44 8 47.57 26.50 0 

iQQn 67 .5 0 / . 3 nt.o 
9 88 9 36.2 47.57 26.50 0 77.28 14.97 11.88 15.37 3.03 

47.57 26.52 0 89.77 6.54 i M i 1^.38 3.03 

56.93 Tota l 



No.: 

System cost reflects 0.05 increase 

54 Policy. NAAQS 1975 NSPS 1975 v^r-crrt^tr^c Changes: ^ -̂"̂  _ 

3 
LSC (lO" Tons) 6 jQĵ g-, FGD (10^ Mw) Response (10 Mv) Annual Compliance Cost 

-at; ^% s ti 
e rt o 

in <u m ii 

P.'-' s- d u - ^ i g 
CJ Z 

o "^ S .rt u 

as I s as 

1975 13.2 13.2 49.7 0.88 0.86 4.46 28.79 40.69 

1976 17.2 17.2 50.0 2.71 2.70 4.06 33.04 40.20 

1977 29.1 29.1 41.0 6.64 6.63 3.47 42.48 34.29 

1978 38.8 38.8 22.1 15.09 15.07 0.03 62.17 17.39 

1979 51.3 51.3 12.6 33.22 17.48 0 77.30 6.08 

1980 67.5 67.5 5.5 33.22 17.94 0 84.32 3.01 

1981 88.9 86.9 0 33.22 17.94 0 91.40 0.84 

1982 114.7 100.8 0 33.22 17.94 0 95.47 0.84 

M 

J? 
SCJ .3 53 0 . r t i 

^s s ^s s I ^ 

0.86 

1.32 

3.18 

5.62 

7.03 

8.09 

9.27 

10.09 

45.46 

2.99 

4.00 

7.48 

9.04 

9.09 

9.59 

10.14 

10.57 

Total 

1.80 

1.88 

2.52 

2.40 

2.21 

2.26 

2.31 

2.35 

< 
en 
as 



System cost reflects 0.00 increase 

No.: 55 Policy: SIP 1975 NSPS 1975 Parametric Changes: ^ ^•°-'^- ^°'" ̂ ™ 

1978 

1979 

1980 

1982 

„6 .r ^ r-r^ r^rs'^ . . . ^ r, r i n 3 LSC (10 Tons) FGD (10 Mw) Response (10 NVr) Annual Compliance Cost 

•O 4J "2 4J 

as ĉ  s as 5 i i" '^ ^*i B g 

H m d in 

g l u g l 5 « - d •? 

.̂  .3 ?il I: 5 ?!l ••3. V - , ^ 

1975 13.2 13.2 80.8 0.88 0.86 13.44 14.57 54.91 0.86 5.90 2.78 

1976 17.2 17.2 88.6 2.73 2.72 11.37 17.64 55.60 1.41 7.99 2.75 

1977 29.1 29.1 85.2 6.70 6.70 8.64 27.83 48.94 3.17 11.39 2.83 

38.8 38.8 79.1 15.26 15.24 2.19 41.62 37.94 5.43 13.05 2.84 

51.3 51.3 33.5 33.60 30.59 0 69.42 13.96 9.52 13.71 2.89 

67.5 67.5 27.4 63.60 32.03 0 76.95 10.39 10.99 14.28 2.94 

1981 88.9 88.9 18.8 63.60 32.04 0 84.41 7.83 12.34 14.62 2.92 

117.7 115.8 0 63.60 32.04 0 96.13 0.18 14.30 14.88 2.97 

58.02 Tota l 

on 



System cost reflects 0.0 increase 

56 Pnl\cv: NAAQS 1975 NSPS 1975 Parametric Changes: m • • • ° ^ 

^ Tons) FGD (10-̂  Mw) Response (10^ 14J) Annual Compliance Cost 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

LSC (10 Tons) 

g 15 g i " 
•:i a*^ 

a s cĤ  s a s CJ z 

13.2 13.2 38.4 0.88 

17.2 17.2 41.0 2.71 

0.86 7.34 28.79 40.69 

2.68 6.72 32.56 40.68 

29.1 29.1 35.3 6.61 6.60 5.07 43.46 33.32 

38.8 38.8 17.3 15.02 15.02 1.22 59.47 20.09 

51.3 51.3 3.1 33.11 19.88 0 80.82 2.56 

67.5 65.2 0 33.11 20.20 0 86.49 0.84 

85.5 81.0 0 33.11 20.22 0 91.40 0.84 

105.9 94.9 0 33.11 20.22 0 95.47 0.84 

M 

0.84 

1.41 

3.14 

5.38 

7.28 

8.16 

9.11 

9.93 

45.25 

2.92 

4 .33 

7.22 

9.05 

9 .01 

9.43 

9.97 

10.40 

T o t a l 

1.76 

2.07 

2.37 

2.42 

2.18 

2.21 

2.27 

2.32 
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